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^ (54) Title: NUCLEOSn>E DHRIVAnVES AS INHIBITORS OF RNA-DEPENDENT RNA VIRAL POLYMERASE 

^ (57) Abstract: The present invention provides nucleoside derivatives which are inhibitors of RNA -dependent RNA viral polymerase. 
^ These compounds are inhibitors of RNA-dependent RNA viral replication and are useful for the treatment of RNA-dependenl RNA 
ffl viral infection. They are particularly useful as inhibitors of hepatitis C virus (HCV) NS5B polymerase, as inhibitors of HCV repli- 
cation, and/or for the treatment of hepatitis C infection. The invention also describes pharmaceutical compositions containing such 
Q nucleoside derivatives alone or in combination with other agents active against RNA-dependent RNA viral infection, in particular 
- ^ HCV infiection. Also disclosed axe methods of inhibiting RNA-dependent RNA polymerase, inhibiting RNA-dependent RNA viral 
^ replication, and/or treating RNA-dependent RNA viral infection with the nucleoside derivatives of the presem invention. 
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TITLE OF THE INVENTION 
• NUCLEOSIDE DERIVAHVES AS INHIBrrORS OF RN A-DEPENDENT RNA 
VIRAL POLYMERASE 

5 FIELD OF THE INVENTION 

The pie&ient invention provides nucleoside derivatives which are 
. inhibitorsofRNA-dependent RNA viral polymerase. These compounds are inhibitors 
of RNA-dependent RNA viral replication and are useful for the treatment of RNA- 
dependent RNA viral infection. They are particularly usefiil as inhibitors of hepatitis 
10 C virus (HCV) NS5B polymerase, as inhibitors of HCV replication, and for tiie 
treatment of hepatitis C infection. 

BACKGROUND OF THE INVENTION 

Hepatitis C virus (HCV) infection is a major health problem that leads 

15 to chronic liver disease, such as cirrhosis and hepatocellular carcinoma, in a 
substantial number of infect^ individuals, estimated to be 2-15% of the world's 
population. There are an estimated 4.5 million infected people in the United States 
alone, according to the U.S. Center for Disease Control. According to die World 
Health Organization, there are more than 200 million infected individuals worldwide, 

20 with at least 3 to 4 million people being infected each year. Once infected, about 20% 
of people clear the virus, but the rest harbor HCV the rest of their lives. Ten to twenty 
percent of chronically infected individuals eventually develop liver-destroying 
cirrhosis or cancer. The viral disease is transmitted parenterally by contaminated 
blood and blood products, contaminated needles, or sexually and vertically frpmi 

25 infected mothers or carrier mothers to their off-spring. Current treatments for HCV 
infection, which are restricted to immunotherapy with recombinant interferon-a alone 
or in combination with tiie nucleoside analog ribavirin, are of limited clinical benefit 
Moreover, there is no established vaccine for HCV. Consequently, there is an urgent 
need for improved therapeutic agents that effectively combat chronic HCV infection. 

30 The state of the art in the treatment of HCV infection has been reviewed, and 
reference is made to the following publications: B. Dymock, et al., "Novel 
approaches to the treatment of hepatitis C virus infection," Antiviral Chemistry & 
Chemotiierapv. 11: 79-96 (2000); H. Rosen, et al., "Hepatitis C virus: current 
undmtanding and prospects for future therapies," Molecular Medicine Todav . 5: 393- 

35 399 (1999); D. Moradpour, et al., "Current and evolving tiierapies for hepatitis C," 

-1- 
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European J. Gastroenterol. Hepatol. , 11: 1189-1202 (1999); R. Bartenschlager, 
"Candidate Targets for Hepatitis C Virus-Specific Antiviral Therapy,'* Intervirologv . 
40: 378-393 (1997); G.M. Lauer and BD. Walker, "Hepatitis C Virus Infection," N, 
Engl. J.Med.. 345: 41-52 (2001); B.W. Dymock, "Emerging therapies for hepatitis C 
5 virus infection," RmftrfnTifrnnigti, 6: 13.42 (2001); and C. Crabb, "Hard-Won 
Advances Spark Excitement about Hepatitis C," Science : 506-507 (2001); tiie 
contents of all of which are incorporated by reference herein in their entirety. 

Different approaches to HCV then^y have been taken, which include 
the inhibition of viral serine proteinase (NS3 protease), helicase, and RNA-dq)endent 

10 RNA polymerase (NS5B), and the development of a vaccine. 

The HCV virion is an enveloped positive-strand RNA virus with a 
single oligoribonucleotide genomic sequence of about 9600 bases which encodes a 
polyprotein of about 3,010 amino acids. The protein products of the HCV gene 
consist of the structural proteins C, El, and E2, and tiie non-structural protems NS2, 

15 NS3, NS4A and NS4B, and NS5A and NS5B; The nonstructural (NS) proteins are 
believed to provide the catalytic machinery for viral replication. The NS3 protease 
releases NS5B, the RNA-d^endent RNA polymerase from the polyprotein chain. 
HCV NS5B polymerase is required for the synthesis of a double-stranded RNA fiom 
a single-stranded viral RNA that serves as a template in the replication cycle of HCV. 

20 NS5B polymerase is therefore considered to be an essential component in the HCV 
replication complex [see K. Ishi, et al., ^'Expression of Hepatitis C Virus NS5B 
Protein: Characterization of Its RNA Polymerase Activity and RNA Binding," 
Hepatologv . 29: 1227-1235 (1999) and V. Lohmann, et al., "Biochemical and Kinetic 
Analyses of NS5B RNA-Dependent RNA Polymerase of tiie Hepatitis C Virus," 

25 Virology, 249: 108-118 (1998)]. Inhibition of HCV NS5B polymerase prevents 
formation of the double-stranded HCV RNA and tiierefore constitutes an attractive 
approach to the development of HCV-specific antiviral therapies. 

It has now been found that nucleoside compounds of the present 
invention and certain derivatives thereof are potent inhibitors of RNA-dependent 

30 RNA viral replication and in particular HCTV replication. The 5*-triphosphate 

derivatives of tfie nucleoside compounds are inhibitors of RNA-dependent RNA viral 
polymerase and in particular HCV NS5B polymerase. The instant nucleoside 
compounds and derivatives thereof are useful to treat RNA-dependent RNA viral 
infection and in particular HCV infection. 
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It is therefore an object of the present invention to provide nucleoside 
conq)Ounds and certain derivatives thereof which are useful as inhibitors of RNA- 
dependent RNA viral polymerase and in particular as inhibitors of HCV NS5B 
polymerase. 

5 It is another object of the present invention to provide nucleoside 

derivatives which are useful as inhibitors of the replication of an RNA-dependent 
RNA virus and in particular as inhibitors of the replication of hepatitis C virus. 

It is another object of the present invention to provide nucleoside 
compounds and certain derivatives which are useful in the treatment of RNA- 
10 dependent RNA viral infection and in particular in the treatment of HCV infection. 

It is another object of the present invention to provide pharmaceutical 
compositions comprising the novel compounds of the present invention in association 
with a phannaceutically acceptable carrier. 

It is another object of the present invention to provide phannaceutical 
IS compositions comprising the nucleoside confounds and derivatives thoneof for use as 
inhibitors of RNA-dependent RNA viral polymerase and in particular as inhibitors of 
HCV NS5B polymerase, r 

It is another object of the present invention to provide pharmaceutical 
compositions comprising the nucleoside compounds and derivatives thereof for use as 
20 inhibitors of RNA-dependent RNA viral replication and in particular as inhibitors of 
HCV replication. 

It is another object of the present invention to provide phannaceutical 
compositions comprising the nucleoside compounds and derivatives thereof for use in 
the treatment of RNA-dependent RNA viral infection and in particular in the 
25 treatment of HCV infection. 

It is another object of the present invention to provide pharmaceutical • 
compositions comprising the nucleoside compounds and derivatives thereof in 
combination with other agents active against an RNA-dependent RNA virus and in 
particular against HCV. 
30 It is another object of the present invention to provide methods for the 

inhibition of RNA-dependent RNA viral polymerase and in particular for the 
inhibition of HCV NS5B polymerase. 

It is another object of the present invention to provide methods for the 
inhibition of RNA-dependent RNA viral replication and in particular for the inhibition 
35 of HCV replication. 
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It is another object of the present invention to provide methods for the 
treatment of RNA-dependent RNA viral infection and in particular for the treatment 
of HCV infection. 

It is another object of the present invention to provide methods for the 
S treatment of RNA-dependent RNA viral infection in combination with other agents 
active against RNA-depiendent RNA virus and in particular for the treatment of HCV 
infection in combination with other agents active against HCV. 

. It is another object of the present invention to provide nucleoside 
compounds and certain derivatives thereof and their pharmaceutical conq)ositibns for 
10 use as a medicament for the inhibition of RNA-dependent RNA viral replication 

and/or the treatment of RNA-dependent RNA viral infection and in particular for the 
inhibition of HCV replication and/or the treatment of HCV infection. 

It is another object of the present invention to pipvide for the use of the 
nucleoside compounds and certain derivatives thereof of tiie present invention and 
15 their pharmaceutical compositions for the manufacture of a medicament for the 
inhibition of RNA-dependent RNA viral rqptlication and/or the treatment of RNA- 
dependent RNA viral infection and in particular for the inhibition of HCV replication 
and/or the treatment of HCV infection. 

I1ie3e and other objects will become readily apparent from the detailed 
20 description which follows. 

SUMMARY OF THE INVENTION 

The present invention provides a method for inhibiting RNA- 
dependent RNA viral polymerase, a metiiod for inhibitiiig RNA-dependent RNA viral 
25 replication, and/or a method for treating RNA-dependent viral infection in a manmial 
in need thereof, comprising administering to the manunal a therapeutically effective • 
amount of a compound of structural formula I which is of the stereochCTiical 
configuration: 




k k 
(I) 
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or a pharmaceutically acceptable salt thereof; 
wherein B is selected from the group consisting of 




A, G, and L are each independently CH or N; 
5 D is N, CH, C-CN, C-NO2, C-CiJs alkyl, C-NHCONH2, C-CONRl iRl 1, 

C^NRllRll, C-COORli; C.C(=NH)NH2, C-hydroxy, C-C1.3 alkoxy, C-amino, 
C-Ci-4 alkylamino, C-di(CM alkyl)amino, C-halogen, C-<l,3-oxazol-2-yl), C-(l,3- 
thiazol-2-yl), or C-(iinidazol-2-yl); wherein alkyl is unsubstituted or substituted with 
one to three groups independently selected from halogen, amino, hydroxy, carboxy, 
10 and C1.3 alkoxy; 

EisNorCRS; 
WisOorS; 

Y is H, Ci-io alkylcarbonyl, P3O9H4, P2O6H3, or P(O)R9r10; 
Rl is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or CI-4 alkyl optionally substituted with 
15 amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or C1-4 
alkoxy and the other of R2 and R3 is selected from the group consisting of 

hydrogen, 

hydroxy, 

halogen, 

20 Ci-4 alkyl, optionally substituted witii 1 to 3 fluorine atoms, 

Ci-io alkoxy, optionally substituted with C1-3 alkoxy or 1 to 3 fluorine 
atoms, 

C2-6 alkenyloxy, 
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Ci-4 alkylthio, 

Ci-g alkylcarbonyloxy, 

aryloxycarbonyl, 

azido, 

5 amino, 

Ci^ alkylamino, and 
di(Ci^ alkyl)ammo; or 
R2 is hydrogen, C2A alkenyl, C2^ alkynyl, or Ci^ alkyl optionaDy substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of and R3 is hydroxy or Ci-4 
10 alkoxy and the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
halogen, 

Ci-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 
15 Ci-io alkoxy, optionally substituted with hydroxy, Ci-3 alkoxy, caiboxy, or 1 

to 3 fluorine atoms, \ 

C2r6 alkenyloxy, 

Ci-4 alkylthio, 

Ci-8 alkylcarbonyloxy, 
20 aiyloxycaibonyl, 

azido, 
. amino, 

Ci^ alkylamino, and 
di(Ci^ alkyl)amino; or 
25 Rl and R2 together with the caibon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NQm alkyl; 

R4 and R6 are each independently H, OH, SH, NH2, Ci-4 alkylamino, di(Ci-4 
alkyl)amino, C3-6 cycloallgflamino, halogen, Cm alkyl, C1-4 alkoxy, or CF3; 
30 R5 is H, Ci^ alkyl, C2^ alkenyl, C2^.alkynyl, C1-4 alkylamino, CF3, or halogen; 
R14 is H, CF3, Ci-4 alkyl, amino, alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 

R7 is hydrogen, amino, C1-4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci^ alkyl)amino; 
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each Rl 1 is independently H or Ci-g alkyl; 

R8 is H, halogen, CN, carboxy, alkyloxycaitwnyl, N3, amino, Ci^ alkylamino, 
diCCM alkyl)amino, hydroxy, C1.6 alkoxy, Ci^ alkyltWo, Ci^ alkylsulfonyl, or 
(Ci^ alkyl)o-2 aminomethyl; 

5 Rl2 and Rl3 are each independently hydrogen, methyl, hydroxymethyl, or 
fluocomethyl; and 

R9 and RlO aie each independently hydroxy, OCH2C3l2SC(=OM:i-4 alkyl, 
OCH20(C=0)OCm alkyl. NHCHMeC02Me, OCH(Cm alkyl)0(C>0)CM alkyl, 

Ao'"^Y^S(CH2)„CH3 ^^0'''Y^S(CH2)iyCH3 
0(CH2)9CH3 °' OCO(CH2)i4CH3 . 

10 with the provisos that (a) when Rl is hydrogen, one of r3 and R4 is hydrogen, and R2 
is fluoro, then the other of r3 and R4 is not hydrogen, halogen, azido, trifluoromethyl, 
Cl-4 alkyl, amino, C1-4 alkylamino, di(Ci^ aIkyl)amino, or Ci.io alkoxy, (b) when 
Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 is halogen, hydroxy, Ci-6 
alkoxy, or C2^ alkenyloxy, fcen the other of r3 and R4 is not hydrogen, fluoro, or 

15 azido; and (c) when Rl and R3 are hydrogen and R2 is hydroxy, then R4 is not 
hydroxy. 

The present invention also provides novel compounds of structural 
formula IV of the indicated stereochemical configuration which are usefiil as 
inhibitors of RNA-dependent RNA viral polymerase. The compounds of formula IV' 
20 are also inhibitors of RNA-dependent RNA viral replication and are useful for the 
treatment of RNA-dependent RNA viral infection: 



O 




(IV) 

wherein B is selected from the group consisting of 
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A, G, and L are each independently CH or N; 

D is N. CH, C-CN, C-NO2, C.C1.3 alkyl. C.NHCONH2. C-CONRHrH, 
C-CSNRllRll. C-COORll, C-C(=:NEi)NH2, C-hydroxy, C-C1.3 alkoxy, C-amino, 
5 C-Cm allqrlamino, C-di(Ci-4 allqfl)amino. C-halo^n, C-(13-oxazol-2-yl), C-(13- 
thia2ol-2-yl), or C-(imidazor-2-yl); wherein alkyl is unsubstituted or substituted with 
one to three groups independentiy selected fh)m halogen, amino, hydroxy, caxfooxy, 
and Ci-3 alkoxy; 
EisNorCRS; 
10 WisOorS; 

Rl is hydrogen, C2-4 alkenyl, C2^ alkynyl. or Ci^ alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Ci^ 
alkoxy and the other of R2 and R3 is selected from the group consisting of 
hydrogen, 
15 hydroxy, 
halogen, 

Ci-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 

CuiQ alkoxy, optionally substituted with C1.3 alkoxy or 1 to 3 fluorine 

atoms, 

20 C2-6 alkenyloxy, 

Ci-4 alkylthio, 
Ci-g alkylcarbonyloxy, 
aryloxycarbonyl. 
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a2ddo, 
amino. 

Ci-4 aUq^lamino, and 

di(Ci-4 alkyl)ainiho; or 
5 R2 is hydrogen, C2A alkenyl, C2A alkynyl, or C1-4 alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or C1-4 
alkoxy and the other of Rl and r3 is selected from the group consisting of 

hydrogen, 

hydroxy, 
10 halogen, 

Ci-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 

Ci-io alkoxy, optionally substituted with hydroxy, C1.3 alkoxy, carboxy, or 1 

to 3 fluorine atoms, 

C2-6 alkenyloxy, 
15 Ci-4 alkylthio, 

Ci-g alkylcarbonylof y, . 

aryloxycaibonyl, 

azido, 

amino, 

20 C 1 -4 alkylamino, and 

di(Ci-4 alkyl)amino; or 

Rl and R2 together with the carbon atom to which they are attached forai a 3- to 6- 

membered saturated monocyclic ring system optionally containing a heteroatom 

selected from O, S, and NCo-4 alkyl; 
25 each R4 is indejpendently H, OH, SH. NH2. C1-4 alkylamino, di(Ci^ alkyl)amino, 

C3-6 cyclballqrlamino, halogen. Cm alkyl, C1-4 alkoxy, or CF3; 

R4 and r6 are each independently H, OH, SH, NH2. Cm alkylamino, di(CM 

alkyl)amino, C3-6 cycloalkylamino, halogen, Cm alkyl. Cm alkoxy, or CF3; 

R5 is H, C1.6 alkyl, C2-6 alkenyl, C2-6 alkynyl. Cm alkylamino, CF3, or halogen; 
30 R14 is H, CF3, Cm alkyl, amino. Cm alkylamino, C3-6 cycloalkylamino. or 

di(CM alkyl)amino; 

R7 is hydrogen, amino. Cm alkylamino, C3-6 cycloalkylamino, or 
di(CM alkyl)amino; 

each Rll is independently H or Ci^g alkyl; 

-9- 
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R8 is H, halogen, CN, carboxy. Cm alkyloxycarbonyl, N3, amino, Ci-4 alkylamino, 
di(Ci-4 all^l)amino, hydroxy, Ci^ alkoxy, Ci-6 alkylthio, Ci-6 alkylsulfonyl, or 
(Ci^ alkyl)o.2 aminomelhyl; 

Rl2 and Rl3 are each independendy hydrogen, noiediyl, hydioxymethyl, or 
5 fluoromediyl; and 

R9 and RlO are each independendy hydroxy, OCH2CH2SC(=0)Cm alkyl, 
0CH20(C=0)0Ci^ alkyl, NHCHMeC02Me, OCH(Ci^ alkyl)0(C=0)CM alkyl. 

. ^^0''^"Y^S(CH2)iiCH3 ^O^^Y^S(CH2)i7CH3 
0(CH2)9CH3 OCO(CH2)i4CH3 

provided that at least one of R9 and RlO is not hydroxy. 
10 Hie present invention further provides novel compounds of structural 

formula XH of the indicated stereochemical configuration which are useful as 
inhibitors of RNA-dependeitf RNA viral polymerase and in particular of HCV NS5B. 
polymerase: \ ■ ' , 




(xri) 

15 wherein R^ and Rh are each independendy selected fiom the group consisting of 
hydrogen, cyano, azidb, halogen, hydroxy, mercq)to, amino, C1-4 alkoxy, €2^4 
alkenyl, C2-4 alkynyl, and Cm alkyl, wherein alkyl is unsubstituted or substituted 
with hydroxy, amino, C1-4 alkoxy. Cm alkylthio, or one to three fluorine atoms; 
Rb is C2^ alkenyl, C2-4 alkynyl. or Cm alkyl, wherein alkyl is unsubstituted or 

20 substituted with hydroxy, amino. Cm alkoxy, Cm alkylthio, or one to three fluorine 
atoms; 

Rc is hydrogen, fluorine, hydroxy, merc^to, Cm alkoxy, or Cm alkyl; or Rb and 
Rc together with the carbon atom to which tiiey are attached form a 3^ to 6-membered 
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saturated monocyclic ring system optionally containing a heteioatom selected from O, 
. S,andNCo-4alkyl; 
Rd is hydrogen, cyano, nitro, C1.3 alkyl, NHCONH2, CONRjRj, CSNRjRj, COORj, 
C(=:NH)NH2, hydroxy, C1.3 alkoxy, amino, €1:4 alkylamino, di(Ci4 alkyl)amino, 
5 halogen, (l,3-oxazol.2-yl), (l,3-thia20l-2-yl), or (imidazol-2-yl); wherein alkyl is 
unsubstituted or substituted with one to three groups independently selected from 
halogen, amino, hydroxy, carboxy, and C1.3 alkoxy; 

Re and Rf are each independently hydrogen, hydroxy, halogen, Ci^ alkoxy, amino, 
Ci^ alkylamino, di(Ci^ alkyl)amino, Cs^ cycloalkylamino, di(C3.6 
10 cycloaIkyl)amino, or C4-6 cycloheteroalkyl, unsubstituted or substituted with one to 
two groups independently selected from halogen, hydroxy, amino, C14 allgrl, and 
Ci-4 alkoxy, 

Rg is hydrogen, alkyl, C2A alkynyl, halogen, cyano, carboxy, Cm 
alkyloxycarbonyl, azado, amino, Ci^ alkylamino, di(CM alkyl)amino, hydroxy, 
15 Ci^ alkoxy, Ci-6 alkylthio, Ci^ alkylsulfonyl, (C14 alkyl)o.2 aminomethyl, or 
C4-6 cycldieteroalkyl, unsi^stituted or substituted with one to two groups 
independently selected from^halogen, hydroxy, amino, alkyl, andCi-4 alkoxy, 
Ri is hydrogen, Ci-io alkylcarbonyl, P3O9H4, P2O6H3, or P(0)RniRn; 
each Rj is independently hydrogen or C i-g allqrl; 

20 Rk and Rl are each independently hydrogen, methyl, hydroxymethyl, or fluoromethyl; 
and 

Rm and Rn are each independentty hydroxy. OCH2CH2SC(=0)Ci-4 alkyl, 
OCH20(C=0)OCm alkyl, NHCHMeC02Me, 0CH(Ci4 alkyl)0(C=:0)Ciuj alkyl, 

/"0'"Y^S(CH2),iCH3 ^^O^V^S(CH2),7CH3 
0(CH2)9CH3 °^ . OCO(CH2)i4CH3 . 

25 with the proviso that when Ra and Rc are a-hydroxy. Re is amino, Rb is p-methyl and 
Rh is hydrogen or Rh is P-methyl and Rb is hydrogen, and Rf, Rg, Ri, Rk, and Rl are 
hydrogen, then Rd is not cyano or CONH2. 

The compounds of formula XII are also inhibitors of RNA-dependent 
RNA viial.replication and in particular of HCV replication and are useful for the 
30 treatment of RNA-dependent RNA viral infection and in particular for the treatment 
ofHCVinfiection. 
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Also encompassed within the present invention are pharmaceutical 
compositions containing the compounds alone or in coniibination with oth^ agents 
active against RNA-dependent RNA vims and in particular against HCV. 

5 DETAH^DESORIPTION OF THE INVENTION 

The present invention provides a method for inhibiting RNA- 
dependent RNA viral polymerase, a method for inhibiting RNA-dependent RNA viral 
replication, and/or a method for treating RNA-dependent RNA viral infection in a 
mammal in need thereof comprising administering to the mammal a therapeutically 
10 effective amount of a compound of stractural formula I which is of the stereochemical 
configuration: 




or a pharmaceutically acceptable salt thereof; 
wherein B is selected from the group consisting of 






A,. 



A. 




15 ' •«J«> •wJw 



A, G, and L ate each independently CH or N; 

D is N, CH, C-CN, C-NO2, C-C1-3 alkyl, C-NHCONH2, C-CONRHrH. 
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C-CSNRllRll, C-COORll, C-C(=NH)NH2, ^hydroxy, C-C1.3 alkoxy, C-amino, 
C-Ci^ alkylamino, C-di(Ci^ alkyl)atmno, C-halogen, C-(l,3-oxazol-2-yl), C-(l,3. 
thiazol-2-yl), or C-(iinidazol-2-yl); wherein alkyl is unsubstituted or substituted with 
one to three groups independently selected from halogen, amino, hydroxy, caiboxy, 
5 and C1.3 alkoxy; 
EisNorC3R5; 
WisOorS; 

Y is H, Cmo alkylcarbonyl, P3O9H4, P2O6H3, or P(O)R9r10; 
Rl is hydrogen, C2-4 alkenyl, C2^ alkynyl, or alkyl optionally substituted with 
10 amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Cm 
alkoxy and the other of R2 and r3 is selected from the group consisting of 

hydrogen, 

hydroxy, 

halogen, . 

15 Ci-4 alkyl, optionalljr substituted with 1 to 3 fluorine atoms, 

Ci-io alkoxy, optioiraUy substituted with C1-3 alkoxy or 1 to 3 fluorine 
atoms, 

C2-6 alkenyloxy, 
alkylthio. 
20 C1.8 alkylcarbonyloxy, 

aryloxycarbonyl, 
azido, 
amino, 

Ci-4 allq^lamino, and 
25 di(Ci-4 alkyl)amino; or 

R2 is hydrogen, C2-4 alkenyl, C2A alkynyl, or Cm allqrl optionally substituted with 
ammo, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Ci^ 
alkoxy and the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
30 hydroxy, 
halogen, 

Cm alkyl, optionally substituted with 1 to 3 fluorine atoms; 

Ci.io alkoxy, optionally substituted with hydroxy, C1.3 alkoxy, carboxy, or 1 

to 3 fluorine atoms, 
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C2-6 alkenyloxy. 
Cm alkylthio. 
Ci-8 alkylcarbonyloxy, 
aiyloxycaibonyl, 
S azido, 
amino, 

Ci-4 alkylamino, and 

di(Ci-4 alkyl)amino; or 
Rl aiid R2 together with the carbon atom to which they arc attached form a 3- to 6- 
10 membered saturated monocyclic ring system optionally containing a heteioatom • 
selected from O, S, and NQM alkyl; 

R4 and R6 are each independently H, OH, SH, NH2, C1-4 alkylamino, di(Ci^ 
alkyl)amino, €3^ cycloalkylamino, halogen, C1-4 alkyl, C1-4 alkoxy, or CF3; 
r5 is H, Ci^ alkyl, 02-^ alkenyl, C2^ alkynyl, Ci^ alkylamino, CF3. or halogen; 
15 Rl4 is H, CF3. Ci-4 alkyl, amino, C1-4 alkylamino, C3^ cycloallQrlamino, or 

di(Ci-4 alkyl)amino; ^ . 

r7 is hydrogen, amino, C1-4; alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 

each Rll is independently H or Ci-6 alkyl; 
20 R8 is H, halogen, CN, carboxy, Ci4 alkyloxycarbonyl, N3, amino, C1-4 alkylamino, 
di(Ci-4 alky])amino, hydroxy, Ci-6 alkoxy, Ci^ alkylthio, Ci^ alkylsulfonyl, or 
(Ci-4 alkylX).2 aminomethyl; 

Rl2 and Rl3 are each indqpendendy hydrogen, methyl, hydroxymediyl, or 
fluoromethyl; and 

25 R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Ci-4 alkyl, 
Oai20(C<))OCi^ alkyl, raCHMeC02Me, OCH(Cm alk^^ 

0(CH2)9CH3 OCO(CH2)i4CH3 . 

with the provisos that (a) when Rl is hydrogen, one of r3 and R4 is hydrogen, and R2 
is fluoro, then the other of R3 and R4 is not hydrogen, halogen, azido, trifluoromethyl, 
30 Ci^ alkyl, amino, Ci-4 alkylamino, di(CM alkyl)amino, or Cuo alkoxy; (b) when 
Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 is halogen, hydroxy, Ci-6 
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alkoxy, or C2^ alkenyloxy, then the other of r3 and R4 is not hydrogen, fluoro, or 
azido; and (c) when Rl and R3 are hydrogen and R2 is hydroxy, then R4 is not 
hydroxy, 

Jn one embodiment of the presesat invention is the method of inhibiting 
5 RNA-dependent RNA viral polymerase, inhibiting RNA-dependent viial replication, 
and/or treating RNA-dependent RNA viral infection with a comporaid of structural 
formula n which is of the stereochemical configuration: 



wherein B is 



10 




D is N, CH, C-CN, C-N02, C-C1.3 alkyl, C-NHCONH2, C-CONRHrH, 

C-CSNRllRl 1, C-COORll, C-hydroxy, C-C1.3 alkoxy, C-amino, C-Cm 

alkylamino, C-di(Ci-4 aIkyl)amino, C-halogen, C-(l,3-oxazol-2-yl), C-(13-thiazol-2- 

yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted witii one to 

15 three groups independently selected from halogen, amino, hydroxy, carboxy, and 
Ci-3 alkoxy, 

EisNorC-R5; 

WisOorS; 

Y is H, Ci-io alkylcarbonyl, P3O9H4, or P(O)R9r10;- 
20 Rl is hydrogen, CF3, or Cm alkyl and one of R2 and R3 is OH or Cm alkoxy and 
the other of R2 and R3 is selected fiom the group consisting of 
hydrogen, 
hydroxy. 
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halogen, 
Ci.3alkyl. 

trifluoromethyU 
Ci^alkoxy, 

5 Ci-4 alkylthio, 

Ci.g allQrlcaibonyloxy, 

aryloxycarbtoyl, . ; 

azido, 

amino, 

10 Ci^ alkylamino, and 

di(Ci^ aIkyI)ainino; or 
R2 is hydrogen, C3F3, or Ci-4 alkyl and one of Rl and R3 is OH or Cm alkoxy and 
the other of Rl and r3 is selected from the group consisting of 
hydrogen, 
15 hydroxy, 

fluoro, \ 
Ci-4 alkyl, < 

trifluoromethyl, 
Ci-4alkoxy, 
20 C 1-4 alkylthio, 

Ci-8 alkylcarbonyloxy, 
' azido, 
amino, 

C1.4 alkylamino, and 
25 di(Ci-4 alkyOamino; or 

R 1 and R2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NC0-4 alkyl; 

R4 and R6 are each independently H, OH, SH, NH2, Cm alkylamino, di(Ci-4 
30 alkyl)amino, €3^ cycloalkylamino, halogen, Cm alkyl, Cm alkoxy, or CF3; 

R5 is H, Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, Cm alkylamino, CF3, or halogen; 
R7 is hydrogen, amino. Cm alkylamino, C3-6 cycloalkylamino, or 
di(CM alkyl)amino; 

each Rl 1 is independently H or C 1-6 alkyl; 
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R8 is H, halogen, CN, carboxy, Ci^ alkyloxycaibonyl, N3, amino. Cm alkylamino, 
di(CM alkyl)amino, hydroxy, Ci^ alkoxy. Ci-6 aUcylthio, Ci-e alkylsulfonyl, or • 
(Ci^ alkyl)0-2 aminomethyl; and 

R9 and RlO are each indepradently hydroxy, OCH2CH2SC(=0)Ci^ alkyl, or 
5 CX:H20(C=0)Ci^ alkyl; 

with the provisos that (a) when Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 
is jQuoro, then the other of R3 and R4 is not hydrogen, halogen, trifluoromethyl, Ci4 
allqrl, amino, Ci^ alkylamino, di(Ci^ al]qrl)amino, or Ci^ alkoxy, (b) when Rl is 
hydrogen, one of r3 and r4 is hydrograi, and r2 is halogen, hydroxy, or Ci^ sSkoxy, 

10 then the odier of R3 and R4 is not hydrogra, fluoro, or azido; and (c) when Rl and R3 
. are hydrogen and R2 is hydroxy, then R4 is not hydroxy. 

In a second embodiment of the present invention is the method of 
inhibiting RNA-dependent RNA viral polymerase, inhibiting RNA-dependent RNA 
viral replication, and/or treating RNA-dependent RNA viral infection with a 

15 compound of structural fonnula IH which is of the stereochemical configuration: 



wherein B is 




D is N, CH, C-CN. C-NO2, C-C1.3 alkyl, C-NHCONH2, C-CONRHrH. 
20 C-CSNRllRll. C-COORll, C-hydroxy, C-C1-3 alkoxy! C-amino, C-Ci^ 

alkylamino, C-di(Ci-4 aIkyi)amino, C-halogen, C-(l,3-<ixazol-2-yl), C-(13-thiazol-2- 
yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 
three groups independently selected ftom halogen, amino, hydroxy, caiboxy, and 
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Ci.3 alkoxy; 
WisOorS; 

Y is H, Cmo alkylcaibonyl, P3O9H4. P2O6H3, or P(O)R9r10; 

Rl is hydrogen. CF3, or alkyl and one of R2 and R3 is OH or C1-4 alkoxy and 

5 the other of R2 and R3 is selected froni the group consisting of 
hydrogen, 
hydroxy, 
fluoro, 
Cl-3alkyl, 
10 trifluoromethyl, 

. C1.8 alkylcaibonyloxy, 
Ci.3 alkoxy, and 
amino; or 

R2 is hydrogen, CF3, or Ci^ alkyl and one of Rl and R3 is OH or C1-4 alkoxy and 

15 the other of Rl and R3 is selected £rbm the group consisting of 
hydrogen, ; 
hydroxy, *\ 
fluoro, 
Ci-3 alkyl., 

20 trifluoromethyl, 

Ci-g allqrlcatbonyloxy, 
Ci-3 alkoxy, and 
amino; or 

Rl and R2 together with the caAon atom to which they are attached fonn a 3- to 6- 
25 membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCo-4 alkyl; 

R6 is H. OH, SH, NH2, C\A alkylamino, di(Ci^ alkyl)amino, 
C3-6 cycloalkylamino, halogen, Ci^ alkyl, Ci^ alkoxy, or CF3; 
R5 is H, Ci-6 alkyl, C2~6 alkenyl, C2-6 alkynyl, Ci^ alkylamino, CF3, or halogen; 
30 R7 is hydrogen, amino, C1-4 alkylamino, C3^ cycloalkylamino, or 
di(Ci-4 aIkyl)amino; 

each Rl 1 is independently H or C i-g alkyl; 
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R8 is H, halogen. CN, carboxy, Ci^ alkyloxycaibonyl, N3. amino, Ci^ alkylamino, 
di(Ci^ alkyl)aniino, hydroxy, Ci^ alkoxy. Ci^ alkylthio, Ci^ alkylsulfonyl, or 
(Ci-4 alkyl)0-2 aminomethyl; and 

r9 and RlO are each independenfly hydroxy, OCH2CH2SC(=0)t-butyl, or 
5 0CH20(C=0)iPr; 

with the provisos that (a) when Rl is hydrogen and R2 is fluoro, then R3 is not 
hydrogen, trifluoromethyl, fluoro, Ci-3 alkyi, amino, or C1-3 alkoxy, (b) when Rl is 
hydrogen and R2 is fluoro, hydroxy, or C1.3 alkoxy, then R3 is not hydrogen or 
fluoro; and (c) when Rl is hydrogen and R2 is hydroxy, then R3 is not P-hydroxy. 
0 a class of this embodiment is the method of inhibiting RNA- 

dependent RNA viral polymerase, inhibiting RNA-dependent RNA viral replication, 
and/or treating RNA-dependent RNA viral infection with a compound of structural 
formula in wherein B is 




15 and W, Y, and the R substituents are as defined under this second embbdimrait. 

fii a second class of this embodiment is the method of inhibiting RNA- 
dependent RNA viral polymerase, inhibiting RNA-dependent RNA viral replication, 
and/or treating RNA-dependent RNA viral infection with a compound of structural 
formula in wherein B is 




and Y, D, and the R substituents are as defined under fliis second embodinwnL 

Jn a third embodiment of the presentinv6ntion, the RNA-dq)endent 
RNA viral polymerase is a positive-sense single-stranded RNA-dependent RNA viial 
polymerase. In a class of this embodiment, the positive-sense single-stranded RNA- 
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dependent RNA viral polymerase is a Flaviviridae viral polymerase or a 
Picomaviridae viral polymerase. Jn a subclass of this class, the Picomavindae viral 
polymerase is ifainovirus polymerase, poliovinis polymerase, or hepatitis A virus 
polymerase, fa a second subclass of this class, the Flaviviridae viral polymerase is 
5 selected from the group consisting of hepatitis C virus polymerase, yellov^ fever virus 
polymerase, dengue virus polymerase. West Nile virus polymerase, Japanese 
encephalitis virus polymerase, Banzi virus polymerase, and bovine viral diarrhea virus 
(B VDV) polymerase. In a subclass of this subclass, the Flaviviridae vital polymerase 
is hepatitis C virus polymerase. 

10 In a fourth embodiment of the present invention, the RNA-dependent 

RNA viral replication is a positive-sense single-stranded RNA-dependent RNA viral 
replication. In a class of this embodiment, the positive-sense single-stranded RNA- 
dependent RNA viral replication is Flaviviridae viral replication or Picomaviridae 
viral replication. In a subclass of this class, the Picomaviridae viral replication is 

IS ifainovims replication, poliovinis replication, or hepatitis A virus replication. In a 
second subclass of this class\ the Flaviviridae viral replication is selected from the 
group consisting of hepatitis'C virus replication, yellow fever vkus replication, 
dengue virus replication. West Nile virus replication, Japanese encephalitis virus 
replication, Banzi virus replication, and bovine viral diarrhea virus replication. In a 

20 subclass of this subclass, the Flaviviridae viral replication is hepatitis C virus 
replication. 

Li a fifth embodiment of the present invention, the RNA-dependent 
RNA viral infection is a positive-sense single-stranded RNA-dependent viral 
infection. In a class of this embodiment, the positive-sense single-stranded RNA- 

25 dependent RNA viral infection is Flaviviridae viral infection or Picomaviridae viral 
infection. In a subclass of this class, the Picomaviridae viral infection is rfainovirus 
infection, poliovinis infection, or hepatitis A virus infection. In a second subclass of 
this class, the Flaviviridae viral infection is selected from the group consisting of 
hepatitis C virus infection, yellow fever virus infection, dengue virus infection, West 

30 Nile virus infection, Japanese encephalitis virus infection, Banzi virus infection, and 
bovine viral diarrhea virus infection. In a subclass of this subclass, the Flaviviridae 
viral infection is hepatitis C virus infection. 

Olustrad ve of the invention is a method for inhibiting RNA-dependent 
RNA viral polymerase, inhibiting RNA-dependent RNA viral replication, and/or 

35 treating RNA-dependent RNA viral infection wherein the compound is selected from: 
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2'-0-methyl-cytidine, 
2'-C-methyl-cytidine, 
3',5'-di-0-octanoyl-2'-0-methyl-cytidine, 
3'-0-octanoyl-2'-0-methyl-cytidine, 
5 2*-C-methyl-adenosine, 

8-amino-2'-C-methyladenosine, 

4-amino-7<2-C-methyl-p-D.ribofuranosyl)-7tf^^ 
carbonitrile, 

4-amin(>7<2-C-me%l-p.I>ribofuranosylHfl^^ 
10 caiboxamide, 

3'-deoxy-3*-methyl-cytidine, 

4-amino-7-(3Kleoxy-3-methyl-P-D-ribofuranosyl>7ff-py^^ 
^qpyriimdin-S-caiboxamide, 
3 '-deoxy-adenosine, ■ 
15 4-ammo-7<3-deoxy-p.I).ribofui^osyl)-7ff.pyTO^ 
4-amino-7K3-deoxy^D-ribofuranosyl)-7ff^^ 
caiboxamide« - , 

3*-amirio3'-deoxyadenosine, . 

2-amino-3,4-dihydro-4-oxo-7KP-D-ribofum 
20 cGpyrimidin-5-carboxainide, 

4-aniino-7-(p-D-ribofuranosyl)-7iy-pym)lo[23-^flpyrim 

2-amin(>-3,4-dihydro-4-oxo.7-(P-D-ribofuranosylH 

^Qpyriimdin-5-carboiiitrile, 

2-ainino-5-*thyI-7-(p.D-ribofuranosyl)-7ff-pyr^ 
25 one, 

6-amm(>-l-(P-D-ribofin:anosyl)-ljy-imid^^ 
3'-deoxyguanosine, 

2-ainino-7-(3-<leoxy-p-D-ribofijrano 
one, 

30 2'-0-methylguanosine, 

2-amino-7-(2-0-methyl-P-D-ribofuranosyl).7H-p^^^ 
4(3/0-one, _ • 

2-amino-7-(2-0-methyl-p-D-ribofuranosyl)-5/f-py^^^ 
4(3/0-one, 

35 7-(2-0.methyl-p-D-ribofuranosyl).7if-pyrro^ 
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3'-deoxycytidine, 

2-amiii()-5-methyl-7KP-I>ribofuranosy^ 
one, 

2-aininc>-3,4-dihydro-4K)xo-7-(2-0-methyl-P^^ 
5 [2,3-flpytimidin-5-carbonitriIe, 

2-ainino-5-methyl-7<2-0-methyl.p.D-ribofu^ 

d]pyriimdin-4(3^0-one, 

8-azidoguanosine, 

8-aminoguanosine, 
10 8-bromoadenosine, 

S-aminoadenosine, 

8-hiomoguanosine, 

3'-deoxy-3'-fluorocytidme, 

3*-deoxy-3'-fluoroguanosine, 
15 4-amino-7-(3-deoxy-3-fluoiD-P-D-ribofiirano^^^^ 

5-carboxamide, i 

2-amino-4-cWoro-7-(2-0-methyl-P-D.ribofi^ 
d]pyriniidin-5-carboiutriIe, 

2-ainino-4-cWoro-5-e%l-7-(2-0-methyl-P-D-iibof^ 
20 . flpyiiinidine, 

2-araino-4-chloro-5-methyl-7-(2-0-methyl-p-D-ribofurano^^^ 
[23-d]pyrimidine, 

2-amino-7-(2-0-me%l-p-D-ribofuranosyl>7H-p>^ 
4(3if).thione, 

25 2.amino-4K:hloK)-7-(2-0-inethyl-p.D-ribofu^ . 

rflpyrimidine, 

2-ainino-7-(P-D-ribofiu^osyl>7H-pyrix>lo[23'^py^ 
2-amino-4-cWc>ro-7-(P-D-ribofuranosyl)-7i/-pyrrolo[2,3-d]p^ 
2-amino-4-chloro-5-methyl-7-(P-D-ribofuimosyl)-7H-py^ 
30 d]pyrimidine, 

1- (P-D-ribofuranosyl)-lH-pyrazolo[3,4-flpyriim 
4.ammo-l-(p-I>ribofuranosyl)-l/^pyrazolo[3,^ 

2- ainino-6-chloio-9.(P-D-ribofuimosyl)-^ 
2-amino4-chloro-7-(p-D-ribofuranosylHff-pyTO 

35 caibonitiile, 
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6-methyl-9-(P-I>ribofuranosyl>9/f-purin^ 

2-amino-7K2Kieoxy-2-fluoro-p-I>arabinofta 

d]pyrimidin-4(3i50-one, 

2-ainmo-4-chIoro-7.(2-deo:qr-2-fluoro-P-D-arabm^ 

5 dlpyrimidine, 

2.anuno-7-(P-D-arabinofui^osyl)-7H-pyrro^ 

2-amino-7-(p-D-arabinofiiranosyl).3,4-dihydto-4K)xo-7fl^py^ 
£Qpyiiinidin-5-carbonitrile, 

2-amino-5-me%l-7-(P-D-arabmofuranosyl)-7H-pyr^^ 
10 4(3/0-one, 

9-(P-D-arabiiK)£unmosyI>9H-pm^ 

1- (p-D-arabinofiiranosyl>lH-cytosine, 

2- amincHt-chloro-5-methyl.7-<P-D-arabinofur^ 
djpyrimidine, 

15 3*-deoxy-3*-(fluoroinethyl)-guanosine, 
2*-amino-2'-deoxyc^dine, 

4-amiiio-7-(3-deoxy^p.D-ribofuianosyl).7^ 
carbonitrile, 

2'-0-methyladenosine, 

20 . 4-amino-7-(2-0-me%l-P-D.ribofuranosylHH-pytrolo[23-d^^ 
3'-ammo-3'-deoxy-2'-0-methyl-adenosine, 
3'-deoxy-3'-methyl-uridine, 
6-amin<)-l-(3-deoxy-P-D-ribofuranosyl).lH.iii^ 

6-amino-lK3-deoxy-3-fluoro-P-D-riboftiran 
25 4(3fl)-one, 

3'-deoxy-3'-"fluorouridine, 

3'-deoxy-3 *-fluoxoadenosine, . 

2-amino-7-(2^eoxy-^D-ribofuiraosyl).3.4-dihydio-4^ 
d}- pyrimidin-5-carbonitrrle, 
30 3'-deoxy-5-methyI-uridine, 

3'-deoxy.2'-0.(2-inethoxyethyl>3'-methyl.5-methylm^ 
2'-amino-2'-deoxy-uridine, 

2-aimno-9-(p-D-arabinofuranosyl>9fl-purin-6(l/0^^ 
3 *-<ieoxy-3*-methylguanosine. 



-23- 



wo 02/057425 



PCTAJS02/01531 



2'-0-[4-(iimdazolyH)butyl]guanosine, 
2'-deoxy-2'-fluoroguanosine, 
. 2'-deoxyguanosine, 

2-amino-7-<2-deoxy-2-fluoro-p-D-ribofiiranosyl)-7/^pyTO 
5 4(3fl)-one, 

2-aimno-7-(3-deoxy-P-D-ribofuranosyl>3,4-dihydn>^ 
^pyrimidin-5-carbonitrile, 

2-a3nino-5-iodo-7-(P-D-ribofuranosyl)-7H-pym)lo[^ 
one, 

10 2-aimno-7K3-deoxy-3-mcthyl-P-D-ribofuiMosyl)-7/f-p^ 
dJpyrimidin-S-caitohitiile, 
2-ammo-7<P-D-ribofuranosyl>7ff-pym)lo[23wflp 
2-amino-7K2^xy-P-D-ribofuranosyl>7H-pyrrolo[^^^ 
one, 

15 2-amino-7-(3-deoxy-3-methyl-P-I)-ribofiiranosyl^^ 
d]pyriniidin-4(3/0'<>pe» 

2-amino-7-(3-deoxy-i-fluoio-P-D-ribofunmosylH 
4(3fl)-one, 

6-amino-H2-0-miBthyl-p.D-ribofuianosyl)-m-im 
20 one, 

6-amino-l-(2Hieoxy-P-D-ribofuran6syl>lH-imidazo[4,5-c^ 

6-amino4-(3-deoxy-3-niethyl-P-D-ribofurtoosyl)-l^^^ 

4(5fl)-one, 

6-amino.l-(2-deoxy-2-fluoio-P-D-ribofuranosyl)-lH-imi^ 
25 4(5fl)K)ne, 

6-amino.l-(P-D-arabinofuranosyl>lH-imida2o[4,^^^^ 

2'-0-[2-(N,7S^diethylaminooxy)ethyl]-5-niethyluridine, 

5-ethynyl-2'-OK2-methoxyethyl)-cytidine. 

1- (2-C-niethyI-P-D-arabinofuranosyl)uracil, 
30 5-methyl-3*-deoxycytidine, 

2- amino-2'-0-methyladenosine, 
2'-deoxy-2'-fluoioadenosine, 
3*-deoxy-3'-fluoioadenosine, 
3'-deoxy-3*-methyladenosine, 

35 2-amino-7-(2-^oxy-p-D-ribofuranosyl).7ff-pynx)lo[2,3-fl 
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4- ainino-7<3-deoxy-3-fluoro-p.D-ribofuranosylH^^^^ 

5- carboxamide, 

4-amino-7-(3-deoxy-P-D-ribofuranosyl>7ff^^ 
caiboxamide, 

5 4-amino-7<2-0-methyl-p-I^ribofuranosylH^^^ 
4-aminch7-(PUl>arabinofiiranosylH*f^^ 
4-ainino-l-(3-<leoxy-3-fluon)-P-I>.ribolta 

4-amino«7KP-D-ribofuranosyl>7ff-pycrolo[23 (tubercidin), 
4,6-diamino-7Kp-D-ribofuimosyl)-7H-pynx>lop^ 

10 2-amino-7-(3-deoxy-3-fluoro-p-D-ribofiiianosylHff^^ 
dJpyrimidin-S-carboxamide, 

4-amino-l-(3-deoxy-p-D-ribofuranosyl).lff-imida2o[4,5^^ 
4-ainino-l-(3-deoxy.3-me%l-p.D-ribofiiranosyl)-lH^^ 
4-amino-l<p-D-ribofunmosyl)-lH-imidazo[4,^ 
4-aimno-H2-C-methyl-P-D.ribofuranos^^^ 
4-aimno-7K3-deoxy-p.fluoK>-P-D-ribofi^ 
djpyrimidine; and 

the corresponding 5'-triphosphates, 5*- 

[bis(isopropyloxycarbonyloxymethyl)]monophosphates, 5*-mono-(S-Ci^ 
alkanoyl-2-thioethyl)monophosphates, and 5'-bis-(S-Ci^ alkanoyI-2- 
thioethyl)monophosphates thereof; 
or a phaimaceutically acceptable salt thereof . 

Further illustrative of the invention is a method for inhibiting RNA- 
dependent RNA viral polymerase, inhibiting RNA-dependent RNA viral replication, 
and/or treating RNA-dependent RNA viral infection wherein the compound is 
. selected from: 

2'-0-methyl-cytidine, 
2'-C-methyl-cytidine, 
3*,5'-di-0-octanoyl-2'-O-methyl-cytidine, 
3'-0-octanoyl-2'-(9-methyl-cytidine, 
4«amino-l-(p-D-ribofuranosyl)-lH-pyrazolo[3,4-^pyrimid^ 
4-arnino-7-(2-C-methyl-P-D-ribofuranosyl).7fl-pynt)lo[23^ 
carbonitrile. 
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4-amino-7-(2-C-methyl-P-D-ribofuranosyl)-7if-p>^^ 
caiboxamide, 
2'-C-methyladenosine, 
8-ammo-2'-C-methyladenpsine, 
5 3'-deoxy-3'-methyl-cytidine. 

4-amino-7-(3-dTOxy-3-methyl-P-D-ribofurm 

d]pyrimidin-5-caiboxaniide, 

3 ' -deoxyadenosine, 

4-aniino-7-(3-deoxy-P-I>ribofuranosyl>7ff-pyrro 

10 4-amino-7-(3Kieoxy-p-D-ribofuranosylH^f-pyt^ 
caiboxamide, 

3*-ainiiio-3'-deoxyadenosine, 
2-aimno-3,4-dihydro-4-oxo-7-(p-I>ribofiu^ 
d]pyrimidin-S-caiboxaxnide, 
15 4-aimn(>-7-(P-D-ribofiu^osyI)-7fl'-pyiro 
2-amino-3,4-dihydrc]^4^ 
dlpyrimidin-S-caiboiutiile, 
2-aniinc)-5-^thyl-7-<p-D-ribofuianosyl)-7H-p^ 
one, 

20 6-airdno-l-(P-D-ribofuranosyl>lH4midazo[4,5-c]pyri 
S'-deoxyguanosine, 

2-aimno-7-(3-^eoxy-p-D-ribofuranosyl)-7/?-pym)lo[2,3nfl 
one, 

2'-0-methyIguanosine, 
25 2-aniino-7K2-0-methyl-p-D-ribofuranosyl>7J?^^ 
4(3fl)-one. 

2-amino-7-<2-0-methyl-P-D-ribofiu:anosyl)-5H-pyTO 
(3fl>one, 

7-(2-d-nie%l-p-D-ribofuranosyl)-7H-pyn:olo 
30 3*-deoxy-cytidine, 

2-ainino-5-methyl-7-(P-I)-ribofuranosyl).7H-pyrrolo[2,3-rf^ 
one, 

2-aniino-3,4-dihydro-4-oxo-7-(2-0-methyl-P-D-ribofurano 
[2,3-d]pyrimidine-5-caibomtrile, 
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2-amino-5-methyl-7-(2-0-methyl-p-D-ribofuranosylH 
d]pyriinidin-4(3fl)-one, 

8-azidoguanosine» 
S-aminoguanosine, 
5 S-bromoadenosine, 
S-aminoadenosine, 
S-bromoguanosine, 
3'-deoxy-3'-fluorocytidine, 
3'-Kleoxy-3'-fluoroguanosine, 
10 4-amino-7K3-deoxy-3-fluoix>-P"D.ribofuranosyD^^ 
pyrimidin-S-caiboxamide. 

2-amino-4-chloro-7K2-^-methyl.p.D-ribof^ 
dJpyrimidin-S-caibonitrile, 

2-amino-4<hlaro-5-ethyK7-(2-0-me%l-P-D.ri 
15 d\ pyrimidine, 

2-aimno-4-cMoro-5-taethyl-7K2-0-iiie%l^^ 
[2,3-^pyriinidine, ; - 

2-aminc>-7-(P-D-ribofuranosyl)-7Jy-pynolo[23-^qpyrinu 
2-amino-4-cMon>-7-(P-D-ribofuranosyl>7ir-pyiTolo[23-^ 
20 2-aimno-4-chloro-5-me%l-7-(p-D-ribofuranosyO^^ 
^pyrimidine, 

2-amiiio-7<2Kleoxy-2-fliion)-p-D-arabinofi^ 
4pyrinudin-4(3fl)-onei 

4-amino-l-(2-C-methyl-p.I>ribofuranosyl>liy^^ 
25 2-aminc)-7KP-D-arabinofuranosyl)-7ff-pyiTO 
and 

2-aimno-7<P-D-arabinofuranosyl)-3.4-dihydro-4^ 

d]pyrimidin-5-caibonitrile; and 

the corresponding 5 '-triphosphates, 5'- 

30 l>is(isopropyloxycarbonyloxyinethyl)]nionophosphates,5'-mono-(S-pi^ 
2-thioethyl)monophosphates, and 5'-bis-(S-pivaloyl-2- 
thioethyl)monophosphates thereof; 
or a pharmaceutically acceptable salt thmof. 
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Even further illustrative of the present invention is a method for 
inhibiting RNA-dependent RNA vind polyna^ase, inhiWtm^ 
viral replication, and/or treating RNA-dependent RNA viral infection wherein the 
compound is selected from 
5 2*-0-methyl-cytidine, 
2*-C-methyl-cytidine, 
3\5'-di-0-octanoyl-2^0-methyl-cytidine, 
3'-0-octanoyl-2'-0-methyl-cytidine, 

4-amino-l-(p-D-ribofuranosyl>l£^pyiazolo[3.4wflpyrimidine, 
10 4-amino-7-(2-C-methyl-p-D-ribofuranosyl)-7H-pyiix)lo[^ 
carboxiitdle,. 

4-anuno-7-(2-C-methyl-P-I>ribofiffanosyl)-7H-py^ 
carboxamide, 
2'-C-methyladenosine» 
15 8-amino-2*-C-methyladenosine, 
8-bronioguanosine, \ 
8-aminoguanosine, ^ 
8-aminoadenosine, 

4-amino-7-(3Kleoxy-P-D-ribofuranosyl>7H-pynt)lo[23-^i]py^ 

20 2-amino-4-cWQro-5-ethyl-7K2-0-methyl-P-D-riboftiranosylH [23- 

d] pyrimidine, 

2-amino-3.4-dihydro-4K)xo-7-(P-D-ribofuranosyl)-7H-p^ 
t/]pyiimidin-S-carboxamide, 
4-amino-l-(2-C-methyl-p-I>-ribo&ranoq^l)-lJ^^^ 
25 2-aniino-4-chloro-7<2-0-methyl-P-D-ribofuranosyl>7H-pyrro 
d]pyrimidin-5-carbonitrile; 
and the corresponding 5'-triphosphates thereof; 

2'-0-methylcytidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate], 
2-amino-7-(3-deoxy-p.D-ribofuranosyl)-3,4-dihydro-4-oxo-7//-pyrroto^ 
30 dlpyrimidine-5*-[bis-(5-pivaloyl-2-thioethyl)phosphate], 

3'-deoxyguanosine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate],and 
3'-deoxycytidine-5'-[bis-(5-pivaIoyl-2-thioethyl)phosphate]; 
or a phatmaceutically acceptable salt thereof. 

Yet further illustrative of the invention is a method for inhibiting 
35 RNA-dependent RNA viral polymerase, inhibiting RNA-dependent RNA viral 
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repUcation, and/or treating RNA-Klependent RNA viral infec^^^ 
compound is selected firom: 

2*-0-methylcytidine, 

2'-C-methylcytidine, 
5 3',5'-di-0-octanoyl-2*-0-iiiethyl-cytidine, 

3'-0-octanoyl-2*-0-methyl-cytidine, 

4-ainino-7-(2.C-methyl-P-D-riboftiranosylH^^^ 
carbonitrile, 

4.amino-7-(2-C-methyl-P-D-ribofuranosyl)^^^ 
10 carboxamide, 

2'-C-inethyladenosine, 
8-amino-2'-C-methyladenosine, 
2'-0.methyIcytidine-5'-D>is-(5-pivaloyl-2-thioethyl)p^ 
2-amino-7-(3-deoxy-^D-ribofuranosyl).3.4-d^^ 
15 4pyriinidine-5'-[bis-(S-pivaloyl-2-thioethyl)phw^ 

3'Kleoxycytidine-5'-tbis-(S-pivaIoyl-2-thioethyl)phosphate] 
or a pharmaceutically acceptable salt thereof. 

The present invention also provides novel compounds of stnictuial 
formula IV of the indicated stereochemical configuration which are useful as 
20 inhibitors of RNA-dependent RNA viral polymerase: 

O 




(IV) 

whetein B is selected £rom the group consisting of 
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A, G, and L are each independently CH or N; 

D is N, CH, C-CN. C-NO2. C<:i.3 alkyU C-NHCONH2, C<:0^»^ 

C-<:SNRl iRl 1, C-COORll, C-hydn>xy, C-C1-3 alkoxy, C-amino. C-Cm 
5 alkylamino, C-di(Ci-4 alky^anuno. C-halogen, C-(l,3-oxazol-2-yl), C-(l,3-thiazol-2 

yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 

three groups independendy selected from halogen, aniino» hydroxy, caiboxy, and 

C1.3 alkoxy; 

EisNorCRS; 
10 WisOorS; 

Rl is hydrogen, C2-4 alkenyl. C2A alkynyl, or Ci^ alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Cm 
alkoxy and the other of R2 and R3 is selected from the group consisting of 

hydrogen, 
15 hydroxy, 

halogen, 

Ci^ alkyl, optionally substituted with 1 to 3 fluorine atoms, 
Ci-io alkoxy, optionally substituted with C1-3 alkoxy or 1 to 3 fluorine 
atoms, 

20 C2-6 alkenyloxy, 

Ci-4 alkylthio, 
Ci-8 alkylcarbonyloxy, 
aryloxycaibonyl. 
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azido, 
amino, 

Ci^ alkylamino, and 
di(Ci-4 aIkyl)amino; or 
5 R2 is hydrogen, C2-4 alkenyl. C2A alkynyl, or Cm alkyl optionally substituted with 
. amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or C1-4 
alkoxy and the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
halogen, 

Ci-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 
Ci-10 alkoxy, optionally substituted with hydroxy, C1-3 alkoxy, carboxy, or 1 
to 3 fluorine atoms, 
C2r6 alkenyloxy, 
Ci-4 alkylthio, 
C1.8 alkylcaibonylo^y, 
aiyloxycarbonyl, t 
azido, 
amino, 

Ci-4 alkylamino. and 
di(Ci^ aIkyl)amino; or 
Rl and R2 together with the carbon atom to which they are attached forai a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NC(m alkyl; 

R4 and R6 are each independently H, OH, SH, NH2, Cm alkylamino, di(Ci^ 
alkyl)amino, C3^ cycloalkylamino, halogen, C1-4 alkyl, Ci-4 alkoxy, or CF3; 
R5 is H. Ci^ alkyl. C2-6 alkenyl, C2-6 alkynyl, C1-4 alkylamino, CF3. or halogen; 
Rl4 is H, CF3, Cm alkyl, amino. Cm alkylamino, C3^ cycloalkylamino, or 
di(CM aIkyl)ammo; 

R7 is hydrogen, amino, Cm alkylamino, C3,6 cycloalkylamino, or 
di(CM alkyl)amino; 

each Rl 1 is independently H or Ci-6 alkyl; 

R8 is H, halogen, CN. carboxy. Cm alkyloxycaibonyl, N3, amino, Cm alkylamino, 
di(CM alkyDamino, hydroxy, Ci-6 alkoxy. Ci^ alkylthio, Ci^ alkylsulfonyl, or 
(Cm alkyl)o-2 aminomethyl; 
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Rl2 and Rl3 are each independently hydrogen or methyl; and 

R9 and RlO are each independently hydroxy, 0CH2CH2SC(=O)Ci-4 alkyl, 

0CH20(C=0)0Cm alkyl, NHCHMeC02Me, OCH(Cm alkyl)0(C=0)CM alkyl. 

Ao"''^'Y^S(CH2)iiCH3 ^0"'^Y^S(CH2)i7CH3 
0(CH2)9CH3 OCO(CH2)i4CH3 

5 provided that at least one of R9 and RlO is not hydroxy. 

The compounds of formula IV are also inhibitors of RNA-dependent 
RNA viral replication and are useful for the treatment of RNA-dependent RNA viral 
. infection. 

. In one embodiment, there are provided novel compounds of structural 
10 formula V which are of the stereochemical configuration: 



O 



wherein B is 




D is N. CH. C-CN, C-NO2, C-C1.3 alkyl, C-NHCONH2, C-CONRl IrH, 
15 C-CSNRllRll, C-COORll, C-hydroxy. C-C1.3 alkoxy, C-amino, C-Cm 

alkylamino, C-di(Ci-4 alkyl)amino, C-halogen, C-(i;3-oxazol-2-yl), C-(l,3-thiazol-2- . 
yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 
three groups independently selected from halogen, amino, hydroxy, caiboxy, and 
C1.3 alkoxy. 

20 WisOorS; 

-32- 



wo 02/057425 



PCT/US02/01531 



EisNorC-R5; 

Rl is hydrogen. C2-4 alkenyl, C2-4 aUqnyl, or C1-4 alkyl optionally substituted witfi 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or C1-4 
alkoxy and tfie other of R2 and R3 is selected from the group consisting of 
5 hydrogen, 

hydroxy, 

halogen, 

Cl.Salkyl, 

trifluoxomethyl, 
10 Ci^ alkoxy, 

Ci^ alkylthio, 
Ci-g alkylcarbonyloxy, 
aiyloxycarbonyl, 
azido, 

15 amino, 

Ci^ alkylamino, and 

di(Ci^ alkyI)amino^ or 
R2 is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or Cm alkyl optionaUy substituted witii 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Cm 
20 alkoxy and the otfter of Rl md R3 is selected from the group consisting of 

hydrogen, 

hydroxy, 

fluoro. 

Cm alkyl, 

25 trifluoromethyl. 
Cm alkoxy. 
Cm alkylthio, 
Ci-8 alkylcarbonyloxy, 
azido, 

30 amino. 

Cm aUgrlamino, and 
di(CM aIkyI)amino; or 
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Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
membeied saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCo-4 alkyl; 

R4 and R6 are each independenfly OH, SH, NH2, Cm alkylaniino, di(Ci-4 
5 alkyl)aniino, C3-6 cycloalkylamino, halogen, C1-4 alkyl, C1-4 alkoxy, or CF3; 
R5 is H. Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl. Cm alkylamino, CF3, or halogen; 
R7 is hydrogen, amino. Cm alkylamino, C3.6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 

each Rl 1 is independently H or Ci-6 alkyl; 
10 R8 is H, halogen, CN, carboxy. Cm alkyloxycartwnyl, N3, amino. Cm alkylamino, 
di(CM aIkyl)amino, hydroxy, Ci-6 alkoxy, Ci-6 alkylthio, Ci^ alkylsulfonyl, or 
(Ci-4 alkyl)o-2 aminomethyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Cm alkyl, or 
OCH20(C=0)Cm alkyl, provided that at least one of R9 and RlO is not hydroxy. 

IS In a second embodiment, there are provided novel compomids of 

stmctural formula VL 1 



O 




20 D is N, CH, C-CN, C-NO2, C-C1.3 alkyl, C.NHCONH2, C-CONRHrH, 
. C-CSNRllRll, C-COORll, C-hydroxy, C-C1.3 alkoxy, C-amino, C-Cm 
alkylamino, C-di(Ci^ alkyl)amino, C-halogen. C-(l,3-oxazol-2-yl), C-(l,3-thiazol-2- 
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yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 
three groups independently selected from halogen, amino, hydroxy, carboxy, and 
Ci-3 alkoxy; 

WisOorS; 

5 Rl is hydrogen. C2A alkenyl, C2-4 alkynyl, or Ci^ Okyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Ci^ 
alkoxy and the other of R2 and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
10 fluoro, 

C1.3 alkyl, 

trifluoromethyl, 
Ci-3 alkoxy, 

Ci-g alkylcarbonyloxy, and 
15 amino; or 

R2 is hydrogen, C2-4 alkenjjl, Cq^ eSkynyl or alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fliiprine atoms and one of Rl and R3 is hydroxy or 
alkoxy and the oth«: of Rl and r3 is selected from the group consisting of 
hydrogen, 
20 hydroxy, 
fluoro, 
C1.3 alkyl, 

trifluoromethyl, 
Ci-3 alkoxy, 
25 Ci-8 alkylcarbonyloxy, and 

amino; or 

Rl and R2 together with flic carbon atom to which they are attached form a 3- to 6- 

membered saturated monocyclic ring system optionally containing a heteroatom 

selected from O, S, and NC0-4 alkyl; 
30 r6 is H, OH, SH, NH2, Cm alkylamino, di(CM alkyl)amino, 

C3-6 cycloalkylamino, halogen, C1-4 alkyl, Cm alkoxy, or CP3; 

R5 is H, Ci-6 alkyl, C2.6 alkenyl, C2-6 alkynyl. Cm alkylamino, CF3, or halogen; 

R7 is hydrogen, amino, Ci^ alkylamino, C3-6 cycloalkylamino, or 

di(CM alkyl)amino; 
35 each Rl 1 is independently H or Ci-g alkyl; 
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R8 is H, halogen, CN, carboxy, C1-4 alkyloxycarbonyl, N3, amino, Ci^ alkylamino, 
di(Ci-4 alkyI)anuno, hydroxy, Ci-6 alkoxy, Ci-6 alkylthio, Ci-6 alkyisulfonyl, or 
(Ci^ aIkyl)0-2 aminomethyl; and 

R9 and RlO are each independently hydroxy, OCH2C3J2SC(=0)t.butyI, or 
5 0CH20(C=0)iPr, provided that at least one of R9 and RlO is not hydroxy. 

Illustrative of the novel compounds of structural formula VI of the 
present invention are the following: 

2'-0-methylcytidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosph 
2-aniino-7-(3-deoxy-p-D-ribofuranosyl)-3,4-dihydro-4^ 

10 rf]pyriniidine-5'-[bis-(S-pivaloyI-2-thioethyI)phosphate], 

3'-deoxyguanosine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate], 
2*-0-methylguanosine-5*-[bis-(iS-acetyl-2-thioethyl)phosphate], 
2'-0-methylguanosine-5'-Ibis-(«S-pivaloyl-2-thioethyl)phosphate], 
8-bromo-2'-0-methylguanosine-5'-[bisKS-pivaloyl-2-tiuoeth^^ 

. 15 2-amin6-3,4-dihydro-7K2-0-methyl-p-D-ribof^^ 
pyrrolo[23Hgpyrimi5fine-5^[bis-(5.pivaIoyl-2-thi 
2-amino-5-bromo-7-^3-deoxy-P-D-ribofiiranosyl^^ 
pyirolo[2,3-flpyrimidine-5'-[bis-(S-pivaIoyl-2-tMoethyl)^^^ 
5-bromo-2VO-methylcytidine-5'-[bis-(S-pivaloyl-2-thioethyl)phosphate], 

20 3'-deoxycytidine-5'-[bis-(5-pivaIoy]-2-thioethyl)phosphate], and 

2'-0-methylcytidine-5*-[bis(isopropyloxycarbonyloxymethyl)]phosphate. 

The present invention further provides novel compounds of structural 
formula XD of the indicated stereochemical configuration or a pharmaceutically 
25 acceptable salt thereof which are useful as inhibitors of RNA-dependrat RNA viral 
polymerase: 
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wheiein Ra and R*^ are each independently selected from the group consisting of 
hydrogen, cyano, azido, halogen, hydroxy, merwqpto, amino, C1-4 alkoxy, C2-4 
alkenyl, C2A alkynyl, and Cm allq^l wherein alkyl is unsubstituted or substituted 
with hydroxy, amino, C1-4 alkoxy, C1-4 alkylthio, or one to three fluorine atoms; 
5 Rb is C2-4 alkenyl, C2-4 allq^yl, or Cm alkyl, wherein alkyl is unsubstituted or 
substituted with hydroxy, amino, C1-4 alkoxy. Cm alkylthio. or one to three fluorine 
atoms; 

Rc is hydrogen, fluorine, hydroxy, mercapto. Cm alkoxy, or Cm alkyl; or Rb and 
Rc together with the carbon atom to which they are attached form a 3- to 6-membered 
10 saturated monocyclic ring system optionally containing a heteroatom selected fix)m O, 
S, and NCo-4 alkyl; 

Rd is hydrogen, cyano, nitro, C1-3 alkyl, NHCONH2, CONRjRJ, CSNRjRj, COORj, 
C(=NH)NH2. hydroxy. C1-3 alkoxy, amino. Cm alkylamino, di(Ci^ alkyl)amino, 
halogen, (l,3-oxazol-2-yl), (l,3-thiazol-2-yl), or (imidazol-2-yl); wherein alkyl is 
IS unsubstituted or substituted with one to three groups independently selected fiom 
halogen, amino, hydroxy, ca^boxy, and C1-3 alkoxy; 

Re and Rf are each independently hydrogen, hydroxy, halogen, Cm alkoxy, amino. 
Cm alkylamino, di(CM allqrl)amino. C3.6 cycloalkylamino, di(C3.6 
cycloalkyl)amino, or C4.6 cycloheteroalkyl, unsubstituted or substituted with one to 
20 two groups independently selected from halogen, hydroxy, amino. Cm alkyl, and 
Cm alkoxy; 

Rg is hydrogen, Cm alkyl, C2^ alkynyl. halogen, cyano, carboxy. Cm 
alkyloxycaibonyl, azido, amino. Cm alkylamino, di(CM alkyl)amino, hydroxy, 
Ci-6 alkoxy, C1.6 alkylthio, Ci^ alkylsulfonyl, (Cm alkyl)o.2 aminomethyl, or 
25 C4^ cycloheteroalkyl, unsubstituted or substituted with one to two groups 

independently selected from halog^, hydroxy, amino. Cm allq^l, and C1-4 alkoxy; 
Ri is hydrogen, Cmq alkylcarbonyl, P3O9H4, P2O6H3, or P(0)RmRn; 
each Rj is independentiy hydrogen or Ci-g allg^l; 

Rk and Rl are each independently hydrogen, methyl, hydroxymethyl, or fluoromethyl; 
30 and 

Rni and Rn are each independently hydroxy, OCH2CH2SC(=0)Cm alkyl, 
0CH20(C=0)0Cm alkyl, NHCHMeC02Me, OCH(Cm alkyl)0(C=0)CM alkyl. 
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0(CH2)9CH3 OCO(CH2)i4CH3 . 

with the proviso that when Ra and Rc are a-hydroxy. Re is amino, Rb is P-methyl and 
Rh is hydrogen or Rh is p-methyl and Rb is hydrogen, and Rf, Rg, Ri, Rk and Rl arc 
hydrogen, then Rd is not cyano or CONH2. 

5 The compounds of formula XII. are also inhibitors of RNA-dependent 

RNA viral replication and are useful for the treatment of RNA-dependent RNA viral 
infection. 

In one embodiment of the novel compounds of structural formula Xn 
are the compounds of structural fomiula XIII: 




10 . XIII 

wherein Ra is hydrogen, halogen, hydroxy, amino, or C1-3 alkoxy; 

Rb is C1.3 alkyl, wherein alkyl is unsubstituted or substituted with hydroxy, amino, 

C1.3 alkoxy, C1.3 alkylthio, or one to three fluorine atoms; 

R«^ is hydroxy, fluoro, or Ci-4 alkoxy, 
15 Rd is hydrogen, cyano, methyl, halog^, or CONH2; 

Rg is hydrogen, amino, or Ci^ alkylamino; 

Ri is hydrogen, P3O9H4. P2O6H3, or PO3H2; and 

RCandRf are each independently hydrogen, hydroxy, halogen, amino, 

Ci^ alkylamino, di(Ci-4 alkyl)amino, or C3-6 cycloalkylamino; 
20 with the proviso that when Ra and Rc are a-hydroxy, Re is amino, Rb is methyl, and 

Rf, Rg, and Ri are hydrogen, then Rd is not cyano or CONH2. 

In a second embodiment of the compounds of structural formula XU 
arc the compounds of structural formula Xm wherein: 
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Rb is methyl, fluoromethyl, hydroxymethyl, difluoromethyl, trifluoromethyl, or 
aminomethyl; 

Rc is hydroxy, fluoro, or methoxy; 
Ra is hydrogen, fluoro, hydroxy, amino, or methoxy, 
5 Ri is hydrogen or P3O9H4; 

Rg is hydrogen or amino; 

Rd is hydrogen, cyano, methyl, halogen, or CONH2; and 
Re and Rf are each independently hydrogen, fluoro, hydroxy, or amino; 
with the proviso that when Rb is P-methyl, Ra and Rc are a-hydroxy. Re is amino, and 
10 Rf, Rg, and Ri are hydrogen, then Rd is not cyano or CONH2. 

Illustrative of the novel compounds of the present invention of 
structural formula XIII which are useful as inhibitors of RNA-dependent RNA viral 
polymerase are the following: 

4-amino-7<2-C-methyl-p-I>arabinofuranoqrl)-7Jy-pynx^ 
15 4-amino-7<2-C-methyl-P-D-ribofiuanosyl)-7ff-pyrro 

4-methylamino-7-(2-C-metlLyl-P-I>iibofi^ 

4^methylamino-7-(2-C-mebiyl-p.D-ribofuranosyl>^ 

4-cyclopropylamino-7K2-C-methyl-p.D-ribofuranosyl)-7H^^ 

4-amino-7-(2-C-vinyl-P-D-ribofuranosyl)-7/f-pyrioIo[2,3-rf]pyrimid^^ 
20 4-anuno-7<2-C-hydroxymethyl-p-D-ribofuranosylH^-pyn-olo[2,^ 

4-amino-7-(2--C-fluoromethyl-P-D-ribofuranosyl)-7i?-pyn:olo[2,3-^ 

4-amino-5-mediyl-7-(2-C-methyl-P-D-rilx)furanosylH^^-pyn'oIo[2,3^ 

4-amino-7-(2-C-methyl-P-D-ribofuranosyl)-7H-pynx)lo[2 

carboxylic acid, 

25 4-amino-5-bromo-7-(2-C-methyl-P-D-riboftiranosyl>7£f-^ 

4-amino-5-chloro-7-(2-C-methyi-P-D-ribofuranosyl>7fl-py^ 

4-anMno-5-fluoro-7-(2-C-methyl-p.D-ribofuiOTiosyl)-7i^^^ 

2,4-dianuno-7-(2-C-methyl-P-D-ribofuranosyl)-7i/-pyi^^ 

2-annno-7-(2-C-methyl-P-D-ribofuranosyl>7f^pyrrolo[2,3-^qpy^ 
30 2-amino-4-cyclopropylaniino-7-(2<-methyl.p-D-ribofi^ 

djpyrimidine, ' 

2-amino-7K2'C-methyl-p-D-ribofiiranosyl)-7H-pynolo[2,3-tqpy^ 

4-amino-7-(2-C-^thyl-P-D-ribofuranosyl)-7H-pyn:olo[2,3-{qpy^ 

4-amino-7-(2-C,2-0-<Iimethyl-p-D-ribofuranosyl)-^^ 
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7-(2.C-methyl-p.D-ribofiiranosyl>7H-pyTO 

2-ainmo-5-inethyI-7-(2-C,2-0-dimethyl.p.D-ribof^^ 

<i]pyrimidin-4(3//)-one, 

4-amino-7-(3^xy-2-C-methyl-p-D-ribofii^ pyrimidine, 
5 4-aimno^7-(3-deoxy-2-C-methyl-p-D-arabinofur^ . 
pyrimidine, 

4-anuno-2«fluoro-7K2-C-methyl-p.D-ribofurm 
4-amino-7-(3-C-me%l-p-D-ribofuranosyl)-7ff-pyn^ 
4-amino-7-(3-C-me%l-P-D-xylofuianosyl)-7ff-pyirolo 
10 4-aniino-7-(2,4-di-C-me%l-p-D-ribofuranosyl>7^^^ and 

4-ainino-7-(3-deoxy-3-fluoro-2-C-methyl-P-D-ribofuranosyl^^ 
rfjpyrimidine;. 

and the corresponding S'-triphosphates; 
or a phaimaceutically acceptable salt thereof. . 
15 Further illustrative of the novel compounds of the present invention of 

structural formula Xm whicji are useful as inhibitors of RNA-dependent RNA Wial 
polymerase are the following: 

4-amino-7-(2-C-methyl-p-D-arabinofuranosyl>7/f-p^ 

4-amina-7-(2-C-methyI-p.D-riboftu^osyl>7ff-pynolo[2,3^ 
20 4-amino-7-(2-C-fluoromethyl"P-D-ribofuranosyl)-7//-pyrrolo[23-^ 
. 4-aimno-5-methyl-7-(2-C-methyl-P-D-ribofuranosyl)-7/f-pyrrolo[^^ 

4-amino-5-bromo-7-(2-C-methyl-P-D-ribofuranosyl)-7/f-pynx)lo^^ 

4-amino-5<hloro-7-(2-C-methyl-P-D-ribofuranosyl)-7H-pyn-olo[23-£^ 

4-amino-5-fluon>-7-(2-C-methyl-p-D-ribofuranosylHH-^ 
25 and 

4^amino-7-(2^C>OKlimethyl-p-D-iibofuranosylH 
and the corresponding S*-triphosphates; 
or a pharmaceutically acceptable salt thereof. 

Further structurally novel nucleoside derivatives of the present 
30 invention which are useful as inhibitors of RNA-dependent RNA viral polymerase are 
the following: 

3*-deoxy-3*-methyl-cytidine, 

3',5'-di-0-octanoyl-2*-0-methyl-cytidine, 

3'-0-octanoyl-2*-0-methyl-cytidine, 
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4-amino-7-(3-deoxy-3-methyl-p-D-ribofuranosyl>7H-p^ 
caiboxamide, 

2-a[mino-5-ethyl-7-(P-D-ribofuranosyl)-7H-pyrrolo[23^^ 
2-aimno-7-(3-deoxy-p-I>ribofuranosyl>7H-p 
5 2-ainino-7-(2-0-methyl-P-D-ribofuranosyl>7i?-py^^ 
2-amino-7K2-0-methyl-p-D-riboftiranosyl>5H-py^ 
7-(2-0-methyl-P-D-ribofuranosyl)«7i?.pyrro 
2-aimno-3,4-dihycfro-4-oxo-7-(2-0-methyl-p-D-rib^ 
d]pyriinidin-5-cart)omtrile, 
10 2-amino-5-methyI-7-(2-0-methyl-P-D-ribofui^ 
4(3i?)-one, 

2-ammo-4-chloro-7-(2-0-methyl-P-D-ribofu^ 
carbonitiile, 

2-aimno-4-cMon>-5-ethyl-7-<2-0-me%l-P-D-rite 
IS d]pyriimdine, 

2-aimno-4K:hloio-5-methyl^7K2-0-methyl-p-I^ [2,3- . 

dlpyrimidine, \ 
2-amino-7-(2-0-methyl-p-D-ribofuranosyl)-7£r-pyTO 

thione, 

20 2-amino-4-cMoro-7-(2-0-me%l-P-D-ribofuranosyl>7^^^ 
2-aInino-4-<:hlo^o-5-methy^7-(P-D-ribofl^:anosyl)-7/^p 
2-aiiimo-7-(2-Kieoxy-2-fluoit)-p-D-arabinofvu:anosyl)^^ 
4(3fl)-one, 

2-an]ino-4-cUoio-7-(2Hieoxy-2-fluoro-p-p-arabiri^ 
25 cflpyrimidine, 

2- aiiimo-7-(p-l>arabinofuranosyI)-3,4-dih^ 
carbonitrile, 

. 9-(P-D-arabmofuranosyl)-9H-purin-6(lif)^^ 
3'-amino-3'-deoxy-2'-0-methyl-adenosinB, 
30 8-aniino-2'-C-methyladenosine, 

6-amino-l-(3-(ieoxy-P-D-ribofuranosyl)-lH-imidaz^ 

6-aniino-l-(3-deoxy-3-fluora-P-D-ribofuranosyl)-l/?4m 

one, 

3- deoxy-2'-<7-(2-methoxyethyl)-3-methyl-5-methyIuridine, 
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2-amincK7-(3-deoxy-p-D-ribofuranosyl)-3,4Klihydro^ 
^flpyrimidin-S-caibonitrile, 

2-amino-7-(3-deoxy-3-methyi-p-D-ribofuranosyl^7H^^ 
caibonitrile, 

5 2-aminOr7K3-deoxy-3-methyl-P-D-ribofuranosyl^^ 
one, 

2-amino-7K3-deoxy-3-fluoro-P-D-ribofur^ 
one, 

6-anunO"l-(2-0-methyl-p-D-ribofuranosyl)-l/f-imi 
10 6-amino-l-(3Kleoxy-3-niethyl-p-I>.ribofuranosyl)-lff^^ 
one, 

6-ainino-l-(2Kleoxy-2-fluoro-p-D-ribofuranosyl)-ljE^iim 
one, 

1- (2-C-methyl-P-D-arabinofuianosyl)iiracil, 

15 4-anrino-l-(3-deoxy-3-fluora-P-D-riboftiiMos^^^ 

2- anuno-7-<-3-deoxy-3-fluo50HpJ).ribofu^ 
[2,3-^pyriniidin-S-carboxamide, 
4-amino-l-<2-C-methyI-p-D-ribofuranosyl>l£r-pyM 
4-amiho-H3-deoxy-P-D-ribofuranosyl)-lfriniidazo[^ and 

20 4-aniino-l-(3-deoxy-3-methyl-P-D«ribofiu:anosyl)-l/f-in^ 
and the corresponding 5'-triphosphates; 
or a phannaceutically acceptable salt thereof. 

In a further embodiment the novel compounds of the present invention 
are useful as inhibitors of positive-sense single-stranded RNA-dependent RNA viral 

25 polymerase, inhibitors of positive-sense single-stranded RNA-dependent RNA viitd 
replication, and/or for the treatment of positive-sense single-stranded RNA-dependent 
RNA viral infection. In a class of this embodiment, the positive-sense single-stranded 
RNA-dependent RNA virus is a WovmrWiic virus or a P/^^ In a 

subclass of this class, the Picomaviridae virus is a rhinovirus, a poliovirus, or a 

30 hepatitis A virus. In a second subclass of this class, the Flaviviridde virus is selected 
from the group consisting of hepatitis C virus, yellow fever vims, dengue virus. West 
Nile virus, J^anese encephalitis virus, Banzi virus, and bovine viral diarrhea virus 
(BVDV). In a subclass of this subclass, the Flmiviridae virus is hepatitis C virus. 
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Tluoughout the instant application, the following terms have the 
indicated meanings: 

The alkyl groups specified above arc intended to include th^^ 
groups of the designated length in either a straight or branched configuration. 
5 Exemplary of such alkyl groups are methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, 
tertiary butyl, pentyl, isopentyl, hexyl, isohexyl, and the like. 

The term "alkenyl" shall mean straight or branched chain alkenes of 
two to six total carbon atoms, or any number within this range (e.g., ethenyl, propenyl, 
butenyl, pentenyl, etc.). 
10 The term "alkynyl" shall mean straight or branched chain alkynes of 

two to six total carbon atoms, ot any number within this range (e.g., ethynyl, 
propynyl, butynyl, pentynyl, etc.). 

The term "cycloalkyl" shall mean cyclic rings of alkanes of thiee to 
eight total carbon atoms, or any number within this range (i.e., cyclopiopyl, 
15 cyclobutyl,cyclopentyl,cyclohexyl,cyDloheptyl,orcyclooctyl). 

Hie term "ey9loheteroallqrr is intended to include non-aromatic 
heterocycles containing one or two heteroatoms selected from nitrogen, oxygen and 
sulfur. Examples of 4-6-membeied cycloheteroalkyl include azetidinyl, pyirolidinyl, 
piperidinyl, morpholinyl. thiamorpholinyl, imidazolidinyl. tetrahydrofuranyl, 
20 tetrahydropyranyl, tetrahydrothiophenyl, piperazinyl, arid the like. 

The term "alkoxy" refers to straight or branched chain alkoxides of the 
number of carbon atoms specified (e.g;, Ci^ alkoxy), or any number within this 
range [i.e., methoxy (MeO-), ethoxy, isopropoxy, etc.]. 

The term "alkylthio" refers to straight or branched chain alkylsulfides 
25 of the number of caibon atoms specified (e^g., C1-4 alkylthio), or any number within 
this range [i.e., methylthio (MeS-), ethylthio, isopropylthio, etc.]. 

The term "alkylamino" refers to straight or branched alkylamines of 
the number of carbon atoms specified (e.g., C1-4 alkylamino), or any number within 

this range [i.e.. methylamino, ethylamino, isopropylamino. t-butylamino, etc.]. 
30 The term "alkylsulfonyl" refers to straight or branched chain 

alkylsulfones of the number of carbon atoms specified (e.g., Ci^ alkylsulfonyl), or 
any number within this range [i.e., methylsulfonyl (MeSOz-), ethylsulfonyl, 
isopropylsulfonyl, etc.]. 

The term "alkyloxycarbonyr refers to straight or branched chain esters 
35 of a carboxylic acid derivative of the present invention of the number of carbon atoms 

-43- 



wo 02/057425 



PCT/US02/01531 



10 



15 



specified (e.g., Ci^ alkyloxycarbonyl), or any number within this range [i.e., 
methyloxycatbonyl (MeOCO-), ethyloxycaibonyl, or butyloxycaibonyl]. 

The tenn"aryr includes both phenyl, naphthyl, and pyridyl. Thearyl 
group is optionally substituted with one to three groups independently selected from 
Ci^ sikyl, halogen, cyano, nitro, trifluoromethyl, Ci-4 alkoxy, and C1-4 all^thio. 

Hie term "halogen" is intended to include the halogen atoms fluorine, 
chlorine, bromine and iodine. 

The term "substituted" shall be deemed to include multiple degrees of 
substitution by a named substituenL Where multiple substitoent moieties are 
disclosed or claimed, the substituted compound can be independently substituted by 
one or more of the disclosed or claimed substituent moieties, singly or plurally. 

The term "S'-triphosphate" refers to a triphosphoric acid ester 
derivative of the 5'-hydroxyl group of a nucleoside compound of the present invention 
having the following general structural formula VIL' 

a O O 

^ II II 

OH OH OH^ 




VII 



wherein B, Z, R1-R4, r12, and Rl3 are as defined above. ITie conqwunds of die 
present invention are also intended to include pharmaceutically acceptable salts of the 
triphosphate ester as well as pharmaceutically acceptable salts of 5'-monophosphate 
and 5'-diphosphate ester derivatives of the structural formulae Vm and K, 
20 respectively. 



HO'i 




O O 

II II 

HO''x"X}"i*^0 
OH OH 

R 



ei3 



VIII 
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The term "5'-(S-acyl-2.thioethyl)phosphate" or "SATE" refers to a 
mono- or di-ester derivative of a 5'-monophosphate nucleoside of the present 
invention of structural formulae X and XI, respectively, as well as phaimaceutically 
acceptable salts of the mono-ester, 



O 




5 XI 

The term "composition", as in "pharmaceutical composition,'' is 
intended to encompass a product comprising the active ingredient(s) and the inert 
ingredient(s) that make up the carrier, as well as any product which results, directly or 
indirectly, from combination, complexation or aggregation of any two or more of the 
10 ingredients, or from dissociation of one or more of the ingredients, or from other types 
of reactions or interactions of one or more of the ingredients. Accordingly, the 
pharmaceutical compositions of the present invention encompass any composition 
made by admixing a compound of the present invention and a pharmaceutically 
acceptable carrier. 

15 The terms "administration of and "administering a" compound should 

be understood to mean providing a compound of the invention or a prodrug of a 
compound of the invention to the individual in need. 

Another aspect of the present invention is concemed with a method of 
inhibiting HCV NS5B polymerase, inhibiting HCV replication, or treating HCV 

20 infection with a compound of the present invention in combination with one or more 
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agents useful for treating HCV infection. Such agents active against HCV include, 
but are not limited to, ribavirin, levovirin, viramidine, thymosin alpha-1, interferon-a, 
pegylated interferon-a (peginterferon-a), a combination of interferon-a and ribavirin, 
a combination of peginterferon-a and ribavirin, a combination of interferon-a and 
5 levovirin, and a combination ofpegmterferon-a and levovirin. Interferon-a includes, 
but is not limited to, recombinant interferon-a2a (such as Roferon interferon available 
from Hof&nann-I^oche, Nutley, NJ), pegylated interferon-a2a (Pegasys™^^^ 
interferori-a2b (such as Intron-A interferon available from Schering Corp., 
Kenilworth, NJ), pegylated interferon-a2b (Peglntron™). a recombinant consensus 

10 interferon (such as interferon alphacon-1), and a purified interferon-Kxprodu^ 

Amgen*s recombinant consensus interferon has the brand name hifergen®. Levovirin 
is the L-enantiomer of ribavirin which has shown immunomodulatory activity similar 
to ribavirin. Viramidine is an amidino analog of ribavirin disclosed in WO 01/60379 
(assigned to ICN Pharmaceuticals). Jn accordance with this method of the present 

IS invention, the individual components.ofthe combination can be administered 

separately at different times Jduring the course of therapy or concurraitly in divided or 
single combination forms. The instant invention is therefore to be understood as 
embracing all such regimes of simultaneous or alternating treatment, and the term 
"administering" is to be inteipieted accordingly. It will be understood that the scope 

20 of combinations of the compounds of this invention with otiier agents useful for 

. treating HCV infection includes in principle any combination with any pharmaceutical 
composition for treating HCV infection. When a cornpound of the present invention 
or a pharmaceutically acceptable salt thereof is used in combination with a second 
therapeutic agent active against HCV, the dose of each compound may be either the 

25 same as or different from the dose when the compound is used alone. 

For the treatment of HCV infection, the compounds of the present 
invention may also be administered in combination with an agent that is an inhibitor 
of HCV NS3 serine protease, such as LY570310 (VX.950). HCV NS3 serine 
protease is an essential viral enzyme and has been described to be an excellent target 

30 for inhibition of HCV replication. Both substrate and non-substrate based inhibitors 
of HCV NS3 protease inhibitors are disclosed in WO 98/17679, WO 98/22496, WO 
98/46630, WO 99/07733, WO 99/07734, WO 99/38888, WO 99/50230, WO 
99/64442, WO 00/09543, WO 00/59929, WO 01/74768, WO 01/81325, and GB- 
2337262. HCV NS3 protease as a target for the development of inhibitors of HCV 

35 replication and for the treatment of HCV infection is discussed in B.W. Dymock, 
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"Emerging therapies for hepatitis C vims infection," Kmerfrjnp Drugs . 6: 13-42 
(2001). 

. Ribavirin* levovirin, and Wramidine may exert their and-HCV effects 
by modulating intracellular pools of guanine nucleotides via inhibition of the 
5 intracellular enzyme inosme monophosphate dehydrogenase (EMPDEO* IMFDH is the 
rate-limiting enzyme on the biosynthetic route in de novo guanine nucleotide 
biosynthesis. Ribavirin is readily phosphorylated intracellularly and the 
monophosphate derivative is an inhibitor of IMPDH. Thus, inhibition of IMPDH 
represents another useful target for the. discovery of inhibitors of HCV replication. 

10 Therefore, the compounds of the present invention may also be administered in 

combination with an inhibitor of IMPDH, such as VX-497, which is disclosed in WO 
97/4121 1 and WO 01/00622, (assigned to Vertex); anothwr IMPDH inhibitor, such as 
that disclosed in WO 00/25780 (assigned to Bristol-Myers Squibb); or mycophenolate 
mofetil [see A.C. Allison and EM. Eugui, Agents Action , 44 (SuppL): 165 (1993)]. 

15 For the treatment of HCV infection, the compounds of the present 

invention may also be admi^isteied m combination with the antiviral agent 
amantadine (l-aminoadamai^tane) [for a comprehensive description of this agent, see 
J. Kirschbaum, Anial. Profiles Drug Subs. 12: 1-36 (1983)]. 

The compounds of the present invention may also be combined for the 

20 . treatment of HCV infection with antiviral 2'-C-branched ribonucleosides disclosed in 
R. E. Hairy-O'kuru, et al.. J. Org. Chem,, 6 2: 1754-1759 (1997); M. S. Wolfe, et al.. 
Tetrahedron Lett. . 36: 7611-7614 (1995); and U.S. Patent No. 3,480,613 (Nov, 25, 
1969), the contents of which are incorporated by reference in their entirety. Such 2*- 
C-branched ribonucleosides include, but are not limited to, 2'-C-methyl-cytidine, 2*- 

25 C-methyl-adenosine, 2*-C-mefhyl-guanosine,.and 9-(2-C-methyl-p-D-ribofuranosyl> 
2,6-diaminopurine. 

By **phannaceutically acceptable" is meant that the carrier, diluent, or 
excipient must be compatible with.the other ingredients of the formulation and not 
deleterious to the recipient thereof. 

30 Also included within the present invention are pharmaceutical 

compositions comprising the novel nucleoside compouinds and derivatives thereof of 
the present invention in association with a pharmaceutically acceptable canier. 
Another example of the invention is a phannaceutical composition made by 
combining any of the compounds described above and a pharmaceutically acceptable 

35 carrier. Another illustration of the invention is a process for making a pharmaceutical 
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composition conqirising combining any of the compounds described above and a 
phannaceutically acceptable cairi^. 

Also included within the present invention are pharmaceutical 
compositions useful for inhibiting RNA-dependent RNA viral polymerase in 
5 particular HCV NS5B polymerase comprising an effective amount of a compound of 
this invention and a pharmaceutically acceptable carrier. Pharmaceutical 
compositions useful for treating RNA-dependent RNA viral infection in particular 
HCV infection are also encompassed by the present invention as well as a method of 
inhibiting RNA-dependent RNA viral polymerase in particular HCV NS5B 
0 polymerase and a method of treating RNA-dependent viral replication and in 
particular HCV r^lication. Additionally, the present invention is directed to a 
pharmaceutical composition comprising a therapeutically effective amount of a . 
compound of the present invention in combination with a thmpeutically effective 
amount of another agent active against RNA-dq)endent RNA virus and in particular 
5 - against HCV. Agents active against HCV include, but are not limited to, ribavirin, 
levovirin, viramidine, thymo)in alpha-1, an inhibitor of HCV NS3 serine protease, 
interferon-a, pegylated interferon-a (peginterferon-a), a combination of interferon-a 
and ribavirin, a combination of peginterferon-a and ribavirin, a combination of 
interferon-a and levovirin, and a combination of peginterferon-a and levovirin. 
Interferon-a includes, but is not ILtnited to, recombinmt interferon-a2a (such as 
Roferon interferon available from Ho£6nann-LaRoche, Nudey, NJ), interferon-a2b 
(such as Litron-A interferon available firom Schering Corp., Kenilworth, NJ), a 
consensus interferon, and a purified interferon-a product. For a discussion of 
ribavirin and its activity against HCV, see J.O. Saunders and S.A. Raybuck, *Thosine 
Monophosphate Dehydrogenase: Consideration of Structure, Kinetics, and 
Therapeutic Potential," Ann. Rep, Med. Chem. . 35: 201-210 (2000). 

Another aspect of the present invention provides for the use of 
nucleoside compounds and derivatives thereof and their pharmaceutical compositions 
for the manufacture of a medicament for the inhibition of RNA-dependent RNA viral 
replication, in particular HCV replication, and/or the treatment of RNA-dependent 
RNA viral infection, in particular HCV infection. Yet a further aspect of the present 
invention provides for nucleoside compounds and derivatives thereof and their 
pharmaceutical compositions for use as a medicament for the inhiintion of RNA- 
dependent RNA viral replication, in particular HCV replication, and/or for tiie 
treatment of RNA-dependent RNA viral infection, in particular HCV infection. 
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Tht pharmaceutical compositions of the present invention comprise a 
compound of stractural fonnula I, IV, or XH as an active ingredient or a 
phatmaceutically acceptable salt thereof, and may also contain a phaimaceutically 
acceptable carrier and optionally other therapeutic ingredients. 
5 The compositions include compositions suitable for oral, rectal, 

topical, parenteral (including subcutaneous, intramuscular, and intravenous), ocular 
(ophthalmic), puhnonary (nasal or buccal inhalation), or nasal administration, 
although the most suitable route in any given case will depend on the nature and 
severity of the conditions being treated and on the nature of the active ingredient. 

10 They may be conveniently presented in unit dosage form and prepared by any of the 
. methods well-known in the art of pharmacy. 

In practical use, the compounds of structural formulae I, IV, and XII 
can be combined as the active ingredient in intimate admixture with a pharmaceutical 
carrier according to conventional pharmaceutical compounding techniques. The 

15 carrier may take a wide variety of forms depending on tfie form of preparation desired 
for administration, e.g., oral^or parenteral (including intravenous). In preparing the 
compositions for oral dosage form, any of the usual pharmaceutical media may be 
employed, such as, for example, water, glycols, oils, alcohols, flavoring agents, 
preservatives, coloring agents and the like in the case of oral liquid preparations, such 

20 as, for example, suspensions, elixirs and solutions; or carriers such as starches, sugars, 
microcrystalline cellulose, diluents, granulating agents, lubricants, binders, 
disintegrating agents and the like in the case of oral solid preparations such as, for 
example, powders,, hard and soft capsules and tablets, with the solid oral preparations 
being preferred over the liquid preparations. 

25 Because of their ease of administration, tablets and capsules represent 

the most advantageous oral dosage unit form in which case solid pharmaceutical 
carriers are obviously employed. If desired, tablets may be coated by standard 
aqueous or nonaqueous techniques. Such compositions and preparations should 
contain at least 0.1 percent of active compound The percentage of active compound 

30 in these compositions may, of course, be varied and may conveniently be between 
about 2 percent to about 60 percent of the weight of the unit. The amount of active 
compound in such therapeutically useful compositions is such that an effective dosage 
wiU be obtained. The active compounds can also be administered intranasally as, for 
example, liquid drops or spray. 



-49- 



wo 02/057425 



PCT/US02/01531 



The tablets, pills, capsules, and the like may also contain a binder such 
as gum tragacanth, acacia, com starch or gelatin; excipients such as dicaldum 
phosphate; a disintegrating agent such as com starch, potato starch, alginic acid; a 
lubricant such as magnesium stearate; and a sweetening agent such as sucrose, lactose 
5 or saccharin. When a dosage unit form is a capsule, it may contain, in addition to 
mat^als of the above type, a liquid carrier such as a fatty oil. 

Various other materials may be present as coatings or to modify the 
physical form of the dosage unit For instance, tablets may be coated with shellac, 
sugar or both. A syrup or elixir may contain, in addition to the active ingredient, 
10 sucrcse as a sweetening agent, methyl and propylparabens as preservatives, a dye and 
a flavoring such as cherry or orange flavor. 

Compounds of stractural formulae I, IV, and XH may also be 
administered paienterally. Solutions or suspensions of these active compounds can be 
prepared in water suitably mixed with a surfactant such as hydioxy-propylcellulose. 
15 Dispersions can also be prepared in glycerol, liquid polyethylene glycols and mixtures 
thereof in oils. Under Qrdin|iy conditions of storage and use. these preparations 
contain a preservative to prevent the growth of microorganisms. 

The pharmaceutical forms suitable for injectable use include sterile 
aqueous solutions or dispersions and sterile powders for the extemporaneous 
20 preparation of sterile injectable solutions or dispersions. In all cases, the form must 
be sterile and must be fluid to the extent that easy syringahility exists. It must be 
stable unider the conditions of manufacture and storage and must be preserved against 
the contaminating action of microorganisms such as bacteria and fungi. The carrier 
can be a solvent or dispersion medium containing, for example, water, ethanol, polyol 
25 (e.g. glycerol, propylene glycol and liquid polyethylene glycol), suitable mixtures 
thereof, and vegetable oils. 

Any suitable route of administration may be employed for providing a 
manmial, especially a human with an effective dosage of a compound of the present 
invention. For example, oral, rectal, topical, parenteral, ocular, pulmonary, nasal, and 
30 the like may be employed. Dosage forms include tablete, troches, dispersions, 

suspensions, solutions, capsules, creams, ointments, aerosols, and the like. Preferably 
compounds of structural formulae I, IV, and XH arc adniinistered orally. 

For oral administration to humans, the dosage range is 0.01 to 1000 
mg/kg body weight in divided doses. In one embodiment the dosage range is 0.1 to 
35 100 mgAcg body weight in divided doses. In another embodiment the dosage range is 
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0.5 to 20 mg/kg body weight in divided doses. For oral administration, the 
• compositions are preferably provided in the fonn of tablets or capsules containing 1 .0 
to 1000 miUigrams of the active ingredient, particularly, 1, 5, 10, 15, 20, 25, 50, 75, 
100, 150, 200, 250. 300, 400. 500, 600, 750, 800, 900, and 1000 milligrams of the 
5 active ingredient for the symptomatic adjustment of the dosage to the patient to be 
treated. 

The effective dosage of active ingredient employed may vary 
depending on the particular compound employed, the mode of administration, the 
condition being treated and the severity of the condition being treated. Such dosage 

10 may be ascertained readily by a person skilled in the art. This dosage regimen may be 
adjusted to provide the optimal therapeutic response. 

The compounds of the present invention contain one or more 
asymmetric centers and can thus occur as racemates and racemic mixtures, single 
enantiomers, diastereomeric mixtures and individual diastereom^. The present 

IS invention is meant to comprehend nucleoside derivatives having the P-D 

stereochemical configuratiqi for the five-membered furanose ring as depicted in the 
stmctural formula below, that is, nucleoside conopounds in which the substituents at 
C-1 and C-4 of the five-membered furanose ring have the ^-stereochemical 
configuration Cup" orientation as denoted by a bold line). 




20 P-D- 

The stereochemistry of the substituents at the C-2 and C-3 positions of 
the furanose ring of the compounds of the present invention is denoted either by a 
dashed line which signifies that the substituent, for example R2 in structural formula 
VI, has the a (substitumt ''down") configuration or a squiggly line which signifies tiiat 
25 the substituent, for example R3 in structural formula VI, can have either the a 
(substituent "down*') or p (substituent 'hip'*) configuration. 
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Some of the compounds described herein contain olefinic double 
bonds, and unless specified otherwise, are meant to include both E and Z geometric 
isomers. 

Some of the compounds described herein may exist as tautomers such 
5 as fceto-enol tautomers. The individual tautomers as well as mixtures thereof arc 
encompassed with compounds of structural formulae I, IV, and Xn. An example of 
keto-enol tautomers which are intended to be encompassed within the com|)Ounds of 
the present invention is illustrated below: 



OH O 




10 k \ ; k Iv" . 

Compounds of structural formulae I, IV, and XII may be separated into 
their individual diastereoisomers by, for example, firactional crystallization ftom a 
suitable solvent, for example methanol or ethyl acetate or a mixture thereof, or via 
15 chiral chromatography using an optically active stationary phase. 

Alternatively, any stereoisomer of a compound of the structural 
formulae I, IV, and Xn may be obtained by stereospecific synthesis using optically 
pure starting materials or reagents of known configuration. 

The stereochemistry of the substituents at the C-2 and C-3 positions of 
20 the furanose ring of the novel compounds of the present invention of stmctural 

formula Xn is denoted by squiggly lines which signifies that substituents Ra, Rb, Rc 
and Rh can have either the a (substituent "down'*) or p (substituent '^up") 
configuration independently of one another. 
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(XII) 

The compounds of the present invention may be administered in the 
fonn of a phannaceutically acceptable salt. The tenn "phannaceutically acceptable 
salt" refers to salts prepared from phannaceutically acceptable non-toxic bases or 
5 acids including inoi^ganic or organic bases and inorganic or organic acids. Salts of 
basic compounds encompassed within the term "pharmaceutically acceptable salt" 
refer to non-toxic salts of the compounds of this invention which are generally 
prepared by reacting the free base with a suitable organic or inorganic acid. 
Representative salts of basic compounds of the present invention include, but are not 

10 limited to, the following: acetate, benzenesulfonate, benzoate, bicarbonate, bisulfate, 
bitartrate, borate, bromide, camsylate, caibonate, chloride, clavulanate, citrate, 
dihydrochloride, edetate, edisylate, estolate, esylate, fiunarate, gluceptate, gluconate, 
glutamate, glycollylarsanilate, hexylresorcinate, hydrabamine, hydiobiomide, 
hydrochloride, hydroxynaphthoate, iodide, isothionate, lactate, lactobionate, laurate, 

15 malate, maleate, mandelate, mesylate, methylbromide, methylnitrate, methylsulfate, 
mucate, napsylate, nitrate, N-methylglucamine ammonium salt, oleate, oxalate, 
pamoate (embonate), pahnitate, pantothenate, phosphate/diphosphate, 
pclygalacturonate, salicylate, stearate, sulfate, subacetate, succinate, tannate, tartrate, 
teoclate, tosylate, triethiodide and valerate. Furthermore, where the compounds of the 
. 20 invention carry an acidic moiety, suitable pharmaceutically acceptable salts thereof 
include, but are not limited to, salts derived from inorganic bases including aluminum, 
ammonium, calcium, copper, ferric, feirous, lithium, magnesium, manganic, 
mangamous, potassium, sodium, zinc, and the like. Particularly prefened are the 
ammonium, calcium, magnesium, potassium, and sodium salts. Salts derived from 

25 phannaceutically acceptable organic non-toxic bases include salts of primary, 

secondary, and tertiary amines, cyclic anaines, and basic ion-exchange resins, such as 
aiginine, betaine, caffeine, choline, NJN-dibenzylethylenediamine, diethylamine, 2- 
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diethylaminoethanol, 2-dimethylaminoethanol, ethanolamine, ethylenediamine, N- 
ethylmoipholine, N-ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine, 
isopropylamine. lysine, methylglucamine, moipholine, piperazine, piperidine, 
polyamine resins, procaine, purines, theobromine, triethylamine. trimethylamine, 
S tripropylaniine.tromethamine. and the like. 

Also, in the case of a caiboxylic add (-COOK0 or alcohol group being 
present in the compounds of the present invention, phannaceutically acceptable esteis 
of carboxylic acid derivatives, such as methyl, ethyl, or pivaloyloxymethyl. or acyl 
derivatives of alcohols, such as acetate or maleate. can be employed Included ate 
10 those esters and acyl groups known in the art for modifying the solubility or 
hydrolysis characteristics for use as sustained-ielease or prodrug formulations. 

Preparation of the Nucle oside Compounds and Derivatives of the 

hvention 

15 The nucleoside compounds and derivatives thereof of the present 

invention can be prepared following synthetic metfiodologies well-established in the 
practice of nucleoside and n^icleotide chemistry. Reference is made to the following 
text for a description of synthetic methods used in the preparation of the compounds 
of the present invention: "Chemistry of Nucleosides and Nucleotides." L3. 

20 Townsend. ed.. Vols. 1-3, Plenum Press, 1988. which is incorporated by reference 
herein in its entirety. 

A representative general method for the preparation of compounds of 
the present invention is outlined in Scheme 1 below. This scheme illustrates the 
synthesis of compounds of the present invention of structural formula 1£7 wherein the 

25 fiiranose ring has the p-D-ribo configuratioiL The starting rnbterial is a 3,5-bis-O- 
protected alkyl fiiranoside, such as methyl furanoside, of structural formula M . The 
C-2 hydroxyl group is then oxidized with a suitable oxidizing agent, such as a 
chromium trioxide or chromate reagent or Dess-Martm poiodinane. or by Swem 
oxidation, to afford a C-2 ketone of structural formula Addition of a Grignard 

30 reagent, such as an alkyl, alkenyl, or alkynyl magnesium halide (for example, 

MeMgBr, EtMgBr, vinylMgBr. allylMgBr, and ethynylMgBr) or an alkyl, alkenyl, or 
alkynyl lithium, such as Meli, across the carbonyl double bond of 1:2 in a suitable 
organic solvent, such as tetrahydrofuran, diethyl ether, and the like, affords the C-2 
tertiary alcohol of structural formula l^, A good leaving group (such as CI, Br, and 

35 I) is next introduced at the C-1 (anomeric) position of the fiiranose sugar derivative by 
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treatment of the furanoside of formula JU3 with a hydrogen halide in a suitable organic 
solvent, such as hydrogen bromide in acetic add, to afford the intermediate furanosyl 
halide lA. A C-1 sulfonate, such methanesulfonate (MeS020-), 
trifluoromethanesulfonate (CF3SO2O-), or p-toluenesulfonate (-OTs), may also serve 
5 as a useful leaving group in the subsequent reaction to generate the glycosidic 
(nucleosidic) linkage. The nucleosidiclinkageisconstructedby treatment of the 
intermediate of structural formula 14 with the metal salt (such as lithium, sodium, or 
potassium) of an appropriately substituted lff-pyrrolo[2.3-d]pyrimidine M, such as 
an appropriately substituted 4-halo-lH-pyrrolo[2,3-d]pyrimidine, which can be 

10 generated in situ by treatment with an alkali hydride (such as sodium hydride), an 
alkali hydroxide (such as potassium hydroxide), an alkali carbonate (such as 
potassium carbonate), or an alkali hexamethyldisilazide (such as NaHMDS) in a 
suitable airfiydrous organic solvent, such as acetonitrile, tetrahydrofuran, l-methyl-2- 
pynolidinone, or N JWimethylformamide QOMF). The displacement reaction can be 

15 catalyzed by using a phase-transfer catalyst, such as TDA-1 or 

triethylbenzylammonium ch^oride^ in a two-phase system (solid-liquid or liquid- 
liquid). The optional protec^ng groups in the protected nucleoside of stmctural 
formula are then cleaved foUowing established deprotection methodologies, such 
as those described in T.W. Greene and P.G.M. Wuts, **Protective Groups in Organic 

20 Syndiesis," 3"* ed., John Wiley & Sons, 1999. Optional introduction of an amino 
group at the 4-position of the pyrrolo[2,3-d]pyrimidine nucleus is effected by 
treatment of the 4-halo intermediate Jh6 with the appropriate amine, such as alcoholic 
ammonia or liquid anmionia, to generate a primary amine at the C-4 position (-NH2), 
an alkylamine to generate a secondary amine (-NHR), or a dialkylamine to generate a 

25 tertiary amine (-NRR*). A 7H-pyiiolo[2,3-d]pyrimidin-4(3H)one compound may be 
derived by hydrolysis of with aqueous base, such as aqueous sodium hydroxide. 
Alcoholysis (such as methanolysis) of 1:6 affords a C-4 alkoxide (-OR), whereas 
treatment with an alkyl mercaptide affords a C-4 allQrlthio (-SR) derivative. 
Subsequent chemical manipulations well-known to practitioner of ordinary skill in 

30 the art of organic/medicinal chemistry may be required to attain the desiied 
compounds of the present invention. 
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Scheme 1 
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Hie examples below provide citations to literature publications, which 
contain details for the preparation of final compounds or intermediates employed in 
the preparation of final compounds of the present invention. The nucleoside 
compounds of the present invention were prq)ared according to procedures detailed in 
the following examples. Tht examples are not intended to be limitations on the scope 
of tiie instant invention in any way, and they should not be so construed. Those 
skilled in the art of nucleoside and nucleotide synthesis will readily appreciate that 
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known variations of tiie conditions and processes of the following preparative 
procedures can be used to prepate these and other compounds of the present 
mvention. All temperatures are degrees Celaus unless otherwise noted. 

5 EXAMPLR1 

3 '-Deoxvguanosine 



^® This conqwi^id was prepared following the procedures described in 

Nucleosides Nucleotides, 13: 1049 (1994). 

EXAMPLES 

15 3'-Deoxy- 3'-fluoroguannsiny 



o 



Hus compound was prepared following the procedures described in /. 
Med. Chem. 34: 2195 (1991). 

20 

EXAMPLE3 
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S-Azidoguanosine 




HO t)H 

This compound was piepared following the piocedmes described in 
5 Chenu Pharm. BulL16: 1616 (1968). 

EXAMPLB4 

8-Bromoguanosine 

10 . \ ■ 

o 

This compound was obtained from commercial sources. 
EXAMPLES 

2*-Q-Melhvlpuano8ine 



-58- 



wo 02/057425 



PCT/US02/01531 



This compound was obtained from commercial sources. 
EXAMPLE 6 
3'-Deoxv-3'-ffluoromethvnguanosige 



To a solution of l^-0-diacetyl"5-0-(p-toluoyl)-3-deoxy-3- 
10 (fluoromethyl)-D-ribofuranose (257 mg, 0.7 mmol) [prepared by a similar method as 
that described for the cortesponding 5-0-ben2yl derivative in J Med. Chem. 36: 353 
(1993)] and A^-acetyl-OVdiphenyIcarf>amoyl)guanine (554 mg, 1.43 mmol) in- 
anhydrous acetonitrile (6.3 mL) was added bis(trimethylsilyl)acetamide (BSA) (L03 
g, 5 mmol). The reaction mixture was stirred at reflux for 30 minutes, and the bath 
15 was removed. The reaction mixture was cooled in an ice bath and TMS-triflate (288 
mg, 1.3 mmol) was added with stirring. After addition was complete, the reaction was 
heated at reflux for 2 hr., the reaction mixture was poured onto ice and extracted with 
chloroform (5 x 10 mL). The combined organic layers were washed with aqueous 
saturated sodium bicarbonate, brine and dried over anhydrous Na2S04. The solvent 
20 was removed under reduced pressure and the residue chromatographed over silica gel 
using 5% acetone/CHaCh as the eluant to furnish the fully protected corresponding 
nucleoside derivative. This was dissplved in 1,4-dioxane (L5 mL) to which was 
added 40% MeNH2/H20 (L3 g, 17 mmol). The reaction mixture was stirred for 1 
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day, evaporated and the residue crystallized with ethet/MeOH to provide the title 
compound (58 mg). 'HNMR (pMSO-de): 6 2.76-2.67 (m, IH); 3.55-3.50 (m, IH), 
2.76-2.67 (m, IH); 3.71-3.66 (m, IH), 4.08-4.04 (m, IH), 4.77-4.50 (m, 3H). 5.06 (t. 
IH, 7= 5.3 Hz), 5.69 (d, IH, J= 3.4 Hz), 5.86 (d. IH. 7= 5.1 Hz). 6.45 (bs. 2H). 7.97 
5 (s. IH), 10.59 (s, IH). ''F NMR (DMSO-d^,): 5 -221.46 (m, F). 

EXAMPLE? 

10 2-Amino-3.4-dihvdro-4-oxo-7-rB-D-ribofarann svlV7tf-nvrrolor2.3-rflovrimi^ 
carimyamitte 




This compound was prepared following the procedures described in 
15 Tetrahedron. Lett. 25: 4793 (1983). 

EXAMPLES 

2-Aniino-3.4-dihvdro-4-oxo.7-fB-D -ribofuraiosvlV7H-Dvnolor2.3-<flPvrimi 
20 carfaonitiile 
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TWs compound was prepared following the procedures described in J. 
Am. Chem. Soc. 98: 7870 (1976). 

BXAhAP\M9 

5 

2-Anano-5-ethvl-7-fB-D-ribofar^asY^).7g.pvTTnlor2. 3-rflDvri 




Step A: 2-Aniino-7-f5-0-teit-hiitvlri imethvlsi1v1-23-0-isopropv1idene-B-D- 
ribofuranosvR4-cMoro-S-et hvl-7g-pvrmlnr2.3wflnvrimiriinft 

10 To a stirred stispension of 2-amino-4-chloro-5-ethyl-lH-pyrrolo[2,3- 

rflpyiimidine [described in EP 866070 (1998)] (1.57 g, 8 mmol) in dry MeCN (48 
mL) was added NaH (60% in mineral oil; 0.32 g, 8 mmol), and the mixture was 
stirred at room temperature for 1 h. A solution of 5-0-terr-butyldime%lsilyl-2,3-C>- 
isopropyUdene-a-D-ribofuranosyl chloride [generated in situ from the corresponding 

15 lactol (1.95 g, 6.4 nmiol) according to Wilcox etal.,rcmifta/ro/iiL«ff., 27: 1011 
(1986)] in dry THF (9.6 mL) was added at room temperature, and the mixture was 
stirred overnight, then evaporated to dryness. The residue was suspended in water 
(100 mL) and extracted with EtOAc.(200 + 150 mL). The combined extracts were ' 
washed with brine, dried (Na2S04) and evaporated. The residue was purified on a 

20 silica gpl column using a solvent system of hexanes/EtOAc: 7/1. Appropriate fractions 
were collected and evaporated to dryness to give the tide compound (1.4 g) as a 
colorless foam. 

SfepP; 2-Amino-4-chloro-5-ethvl -7-fB-I^rihnfiiranosvn-7ff-pvm)lor2.3. 
25 rflpY rimidinft 

A mixture of the compound from Step A (1.19 g, 2.5 mmol) in MeOH 
(100 mL) and water (50 mL) was stirred with DOWEX H* (to adjust pH of the 
mixture to 5) at room traiperature for 2.5 h. The mixture was filtered and the resin 
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thoroughly washed with MeOH. The combined filtrate and washings were evaporated 
and the residue coevaporated several times with water to yield the tide conq)ound 
(0.S3 g) as a white solid. 

5 Step C: 2>Aniino-5-e thvl-7>fB-D-ribofiiranQsvlV7H-Pvrrolo 
4(3flVone 

A mixture of the compound from Step B (104 mg, 0.32 mmol) in 2N 
aqueous NaOH (10 mL) was stirred at reflux temperature for 15 min. The solution 
was cooled in ice bath, neutralized with 2 N aqueous HCl, and evaporated to dryness, 

10 The residue was suspended in MeOH, mixed with silica gel, and evaporated. The 
solid residue was placed onto a silica gel column (packed in a solvent mixture of 
CIfca2^MeOH: 10/1) which was eluted with a solvent system of CH2Cl2/MeOH: 10/1 
and 5/1. The fractions containing the product were collected and evaporated to 
dryness to yield the title compound (48 mg) as a white solid. 

15 *H NMR (CD3OD): 6 1:22 (t, 3H), 2.69 (q, 2H). 3.69, 3.80 (2m, 2H), 4.00 (m, IH), 
4.22 (m, IH), 4.45 (t, IH), 5^86 (d, IH, 7= 6.0 Hz), 6.60 (d, IH, /= 1.2 Hz). 

EXAMPLE 10 

20 2-Amino-7-f3-Kieoxv-6-D -ribofuranosvlV7g-DvrrolQr2.3-rflp vrimi ^ 



O 




Step A: 2-Ainino-7-f2.3-anhvdro-B-D-ribofuranosvlV4-methoxv-7W- 
pvrrolor2.3-cnpvrimidine 
25 Toaniixtuteof2-amino-7-(P-D-ribofuianosyI)-4-chIor^ 

pyirolo[23-<lpyiiinidiiie (1.8 g, 6.0 nunol) in acetonitrile (80 mL) were added a 
solution of I^O/CBbCN (1:9, 1.08 mL) and then a-acetoxyisobutyiyl hroniide (3.5 
mL, 24 mmol). After 2 h stirring at room temperature, saturated aqueous NaHCOs 
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(170 mL) was added and the mixture was extracted with EtOAc (300 + 200 mL). The 
combined organic phase was washed with brine (100 mL), dried (Na2S04) and 
evaporated to a pale yellow foamy residue. This was suspended in anhydrous MeOH 
(80 mL) and stirred overnight with 25 mL of DOWEX Off resin (previously washed 
5 with anhydrous MeOH). The resin was filtered, washed thoroughly with MeOH and 
the combined filtrate evaporated to give a pale yellow foam (1 .92 g). 

2-Amino-7-(3Kieoxv-B-D-rihn furanosvl%4.Tnethoxv-7K.p vrrnlnp,^- 
^pvrimidine 

A solution of LiEtsBHTTHF (IM, 75 mL, 75 mmol) was added 
10 dropwise to a cold (ice bath) deoxygenated (Ar, 15 min) solution of the compound 
from Step A (1.92 g) under Ar. Stirring at 0 "C was continued for 4 h. At this point the 
reaction mixture was acidified with 5% aqueous acetic acid(110 mL), ibea purged 
with Ar for 1 h and and finally evaporated to a soUd residue. Purification on a siUca 
gel column using MeOH/CHaaz as eluent yielded target compound as a colouriess 
15 foana(1.01g). 

2-Amino-7-(3-deoxv-B-D-rihnfi. ranosvi).7/y.p vi Tolor2.3^p vrimiHm>., 
4f3g)-one 

A mixture of compound from Step B (0.4 g. 1.4 mmol) in 2N aqueous 
20 NaOH (40 mL) was stined at reflux temperature for 3 h. The solution was cooled in 
ice bath, neutralized with 2 N aqueous HQ and evaporated to dtyness. The residue 
was suspended in MeOH, mixed with silica and evaporated. The residue was placed 
onto a silica gel column which was eluted with CH2Cl2/MeOH: 10/1 and 5/1 to give 
the title compound as white solid (0.3 g). 
25 >H NMR (PMSO^y. 6 1.85. 2.12 (2m. 2H). 3.55. 3.46 (2dd, 2H), 4.18 (m. IH); 4.29 
(m. IH). 4.85 (7. IH), 5.42 (d, IH) 5.82 (d. IH, 7=2.4 Hz). 6.19 (s, 2H). 6.23 (d. IH. 
7=3.6 Hz), 6.87 (d, IH), 10.31 (s. IH). 



30 



EXAMPLR 1 1 

2-Amino-7-(2-0-methvl-B-D-rihofiiranosvl^-7f/.p v nolor2.3wflpvriniidi^ 
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O 




Step A; 2-Amino-d^fJoro.7.fS-f-bu tvldiniethvlMlvl-2.3-0-i5MpitmvHdm 
D-ribofiiranosvl)-7g-pvrrolor2.3-Jlpvrimidine 

HMPT (10.65 ml, 55 nmol) was added portionwise over 30 nun. to a 
5 solution of 5-0-teit-butyldimethylsilyl-2,3-0-isopropylidene-D-riboftiianose (13.3 g, 
44 mmol), dry THF (135 mL), CCI4 (5.62 mL, 58 mmol) under N2 at -76°C. After 30 
min., the temp, was raised to -20°C. In a separate flask, a suspension of 2-amino-4- 
chloio-iH-pyrrolo-[2,3-£/l-pyrimidine (15 g, 89 mmol) in CH3CN (900 mL) was 
treated at 15'C with 60% NaH (3.60 g., 90 mmol.). The reaction was stirred 30 
0 min.wherei:qK>n the previous; reaction mixture was cannulated with vigorous stiiring. 
The reaction was stirred 16 6ts. and then concentrated in vacuo. The resulting 
semisolid was added to ice^vater/EtOAc and extracted with EtOAc (3 x 200 mL), 
dried NaS04v filtered and evaporated. The resulting oil was chiomatographed on 
silica gel (EtOAc/ Ifexane 1/1) to afford the product as an oil (9.0 g). 
5 . 

StepB: 2-Amino-4-c hloro-7-('6-D-ribofuranosvlV7g-Dvrrolor2.3-gnpvrimidine 

A solution of the compound from Step A (5.76 g, 13 mmol) in 
MeOH/HaO (1200 mU600mL) and Dowex WX8-400 (4.8 g) was stirred 16 hrs. at 
room temperature. The resin was filtered off and tiie filtrate evaporated to afford the 
0 tide compound as a white solid; yield 3.47 g. 

NMR (DMSO^): 5 3.56 (m, 2H), 3.86 (m, IH), 4.07 (m, IH). 4.32 (m. IH), 4.99 
(t. IH). 5.10 (d. IH). 5.30 (d. IH). 6.00 (d. IH), 6.38 (d. IH). 6.71 (s hr. 2H). 7.39 (d. 
IH). 

5 Step C: 2-Amino-4-< hloro-742-0-methvl-B-D-ribofuranosvn-7tf-Dvriolor2.3- 
ffpvrimidine 

A solution of the compound firom Step B (1.0 g, 3.3 mmol) in dry 
. DMF (100 mL) at 15°C was treated widi 60% NaH (0.14 g, 3.5 mmol). After 30 
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min., iodomethane (47 g, 3.3 nunol) was added portionwise to the stirred solution. 
The reaction was stirred at room temperature for 16 hrs. and then evaporated at a 
temperature below 4b*'C. The resulting solid was chromatographed on silica gel to 
afford the product as a white solid; yield 0.81 g. 
5 NMR (DMSO-rf^): 6 3.25 (s, 3H), 3.54 (m, 2H), 3.87 (m, IH), 4.07 (m, IH), 4.22 
(m, IH), 5.01 (m, IH). 5.16 (d, IH), 6.07 (d, IH), 6.37 (d. IH), 6.70 (s hr, 2H), 7.40 
(s, IH). Mass spectrum: m/z 316 (M + 1)* 

SteoD: 2-Amino>7-f2-»0-methv^B>D>ribofuranQsvn-7g->Pvrrolor2,3> 

10 ^pviimidin-4(3/fi-one 

A solution of the compound from Step C (80 mg, 0.25 mmol) in 
NaOH/HiO (1.6 g/20 ml) was heated at reflux for 7 hrs., whereupon the solution was 
adjusted witii dilute HCl to a pH of 7 and then evaporated Chromatography of the 
resulting solid on silica gel with EtO Ac/MeOH 8/2 afforded the product as a 'white 

15 solid; yield 64 mg. 

^H NMR (DMSO-tfe): 5 3.25 (s, 3H), 3.52 (m, 2H) 3.81 (m, IH), 4.00 (m, IH), 4.19 
(m, IH). 5.10 (s br, 2H), 5.9S (d, IH), 6.27 (d, IH), 6.33 (s br, 2H), 6.95 (d, IH), 
10.55 (sbr,lH). 

20 EXAMPLE 12 

2-Amino>5-methvl-7-(B-D-ribofiiranosvn-7g-pvn'olor2,3~^PY rimi din>4f3ji^ 




This compound is described in Biochemistry, 33: 2703 (1994) and was 
25 synthesized by the following procedure: 

Step A: <>.-Aminrw7- f5-0-teit-butvldimethvlsilvl-23-04sop(ropvK 

ribofuranosvn^ Moro-5>methvl-7fl>pvrrolQr23-€npvrimidihe 
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To a stined suspension of 2-amino-4-chloro-5-methyl-lH-pyriolo[2,3- 
rflpyrimidine fliebigs Ann. Chem. 1984, 4, 708) (0.91 g, 5 nomol) in dry MeCN (30 
ml) was added NaH (60% in mineral oil; 0.2 g, 5 mmol) and die mixture was stined at 
room temperature for 0.5 h. A solution of 5-0-rert-butyldimethylsilyl-2,3^0. 
5 isopropylidene-a-D-ribofuranosyl cMoride [generated in situ from the corresponding 
lactol (1.22 g, 4 mmol) according to Tetrahedron Lett. 27: 1011 (1986)] in dry THF (6 
mL) was added at room temperature, and the mixture was stirred overnight, then 
evaporated to dryness. The residue was suspended in water (100 mL) and extracted 
with EtOAc (2 x 100 mL). The combined organic extracts were washed with brine, 
10 dried (Na2S04) and evirated. The residue was purified on a silica gel column usmg 
a solvent system of hexanes^tOAc: 7/1 and 5/1. Appropriate fractions weie collected 
and evaporated to dryness to give the tide compound (0.7 g) as a coloriess foam. 

StepB: 2-Amino-4-chlorD>5>methvU 7-(B>D>ribQfurmosvl1-7g^^ 

15 rflpvrimidine 

A mixture of the inteimediatB itom Step A (0.67 g, 1.4 mmol) in 
MeOH (70 ml) and water (35 ml) was stirred with DOWEX iT (to adjust pH of the 
mixture to 5) at room temperature for 4 h. The mixture was filtered and the resin 
thoroughly washed with MeOH. The combined filtrate and washings were evaporated 

20 and the residue coevaporated several times with water to yield the title compound 
(0.37 g) as a white solid. 

StepC; 2-Amino-5-methvW6-D> ribofuranosvlV7g>Dvrrolor23-£nDvrim^ 
4f3H>-one 

25 A mixture of intermediate fit)m Step B (100 mg, 0.32 mmol) in 2N 

aqueous NaOH (20 mL) was stined at reflux temperature for 1.5 h. Tlie solution was 
cooled in ice bath, neutralized with 2 N aqueous HCl and evirated to dryness. Hie 
residue was suspended in MeOH, mixed witii silica gel and evaporated. The solid 
residue was placed onto a silica gel column (packed in a solvent mixture of 

30 CH2Cl2/MeOH: 10/1) which was eluted with a solvent system of CYLiC^t/MsOB: 10/1 
and 5/1. The fractions containing the product were collected and evaporated to 
dryness to yield the tide compound (90 mg) as a white solid. 
^H NMR (DMSO^): 5 2.15 (d, 3H). 3.47, 3.50 (2m, 2H), 3.75 (m, IH). 3.97 (m. 
IH), 4,17 (m. IH), 4.89 (t, IH), 4.96 (d, IH), 5.14 (d. IH). 5.80 (d, IH, /= 6.4 Hz). 

35 6.14 (s, 2H). 6.60 (q, IH, 7= 1.2 Hz), 10.23 (s. IH). 
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EXAMPLE 13 

2-Aminn-:^,4-dihv drO'4-oxo-7-f2-0-methvl-B-D-ribofuranosvlV7 
5 rflpvrimidine-5-carbonitriIe 




Step A: 2-Aimn()^-cMoiD>7-B>I>-ribofiiranosvl-7 H>ovTO^ 
S-carbonitrile 

This intennediale was prepared according to /. ChenL Soc. PerJdn 
10 Trans. 1.2315 il9%9). 

StepB: 2-Amino^hloro-7-r3.5>0-(l ,1 ,3,3-tetraisopropvldisiloxane- 1.3- 
divlVfi-D-ribofiM:anosvll-7g-pvrrolor23-d1pyri 
To a solution of the compound from Step A (L64 5.00 mmol) in 

15 DMF (30 mL) was added imidazole (0.681 g, 10.0 mmol). The solution was cooled to 
0°C and l,3-dichloro-l,13,3-tetraisopropyldisiloxane (1.58 g, 5.00 mmol) was added 
dropwise. The bath was removed and the solution stirred at room temperature for 30 
minutes, evaporated in vacuo to an oil, taken up in ethyl acetate (150 mL) and washed 
with saturated aqueous sodium bicarbonate (50 mL) and with water (50 mL), The 

20 organic phase was dried over magnesium sulfate, filtered and evaporated in vacuo. 
The residue was purified on silica gel using ethyl acetate/hexane (1:2) as eluent. 
Fractions containing the product were pooled and evaporated in vacuo to give the 
desired product (2.05 g) as a colorless foam. 

^HNMR (DMSO^^: 5 1.03 (m, 28H), 3.92 (m. IH). 4.01 (m, IH), 4.12 (m, IH), 
25 4.24 (m, 2H), 5.67 (m, IH), 5.89 (s, IH), 7.17 (bs, 2H), 8.04 (s, IH). 

Step C: 2-A^^no^-chloro>7-t2^0-mefev^p-D-ribofilranosvl^-7f^pYrrDto 
/f]pYrimidi ne-5-carbonitrile 
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To a pic-cooled solution (0°C) of the compound from Step B (1.70 
3.00 mmol) in DMF (30 mL) was added methyl iodide (426 mg, 3.00 mmol) and then 
NaH (60 % in mineral oil) (120 mg, 3.00 nmiol). The mixture was stirred at rt for 30 
minutes and then poured into a stirrpd mixture of saturated aqueous ammonium 
5 chloride (100 mL) and ethyl acetate (100 mL). The organic phase was washed with 
water (100 mL), dried over magnesium sulfate, filtered and evaporated in vacuo. The 
resultmg oily residue was co-evaporated three times from acetonitrile (10 mL), taken 
up in THF (50 mL) and tetrabutylammonium fluoride (1.1 mmol/g on silica) (4.45 g, 
6.00 namol) was added. The mixture was stirred for 30 minutes, filtered and the 
10 filtrate evaporated in vacuo. The crude product was purified on silica using 

methanol/dichloromethane (7:93) as eluent Fractions contaming the product were 
pooled and evirated in vacuo to give the desired product (359 mg) as a colorless 
solid 

^HNMR (DMSO-<j): 6 3.30 (s, 3H). 3.56 (m, 2H) 3.91 (m, IH), 4.08 (m. IH). 4.23 
15 (m. IH). 5.11 (m, IH), 5.23 (m, IH), 7.06 (m, IH), 7.16 (bs, 2H), 8.38 (s, IH). 

StepD: 2-Aminfw^,/t^vdm4-o xo-7-r2-Y3-nietfivl-B-D-ribofiirm 
PVrrolor2J-rf ]"pyrinMHtnft .5-carfaonitrile 

To a solution of the compound from Step D in DMF (5.0 mL) and 
20 dioxane (3.5 mL) was added syn-pyridinealdoxime (336 mg, 2.75 mmol) and then 
tetramethylguanidine (288 mg, 2.50 mmol). The resulting solution was stined 
overnight at rt, evaporated in vacuo and and co-evaporated three times from 
acetonitrile (20 mL). The oily residue was purified on silica gel using 
methanol/dichloromethane (7:93) as eluent. Fractions containing the product were 
25 pooled and evaporated in vacuo to give the desired product (103 mg) as a colorless 
solid. 

*H NMR (DMSO-dy: 6 3.30 (s, 3H), 3.57 (m, ZH), 3.86 (m, IH). 4.00 (m, IH), 4.21 
(m. IH), 5.07 (m, IH), 5.17 (m. IH), 5.94 (m, IH), 6.56 (bs, 2H), 7.93 (s, IH), 10.82 
(bs,lKO. 

30 

EXAMPLE 14 

2-Amino-5-methvl-7-f2-0-methvl- B-D-ribofiiranosvn-7H-Dvirolor2.3-dlpvrimidin- 
4r3/n-one 
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"O^A^A^ N NH2 
Hd \)Me 

Step A: 2-Amino^Moro-5-methvl-7-(2-0-methvl-B-D->ribofi^ 
pvrrDlor2.3-d1-pY rimidiTie 

Mo a solution of the compound from Example 12, Step B (188 mg, 
5 0.6 mmol) in anhydrous DMF (6 mL) was added NaH (60% in mineral oil; 26 mg, 
0.66 mmol). The mixture was stirred at room temperature for 0.5 h and then cooled. 
Mel (45 jiL) was added at 0°C and the reaction mixture allowed to warm to 15 in 5 
h. Then the mixture was poured into ice-water (20 mL) and extracted with CH2CI2 
(100 + 50 mL). The combined organic extracts were washed with water (50 mL), 
10 brine (50 mL) and dried (NaiSO^: The evaporated residue was purified on a silica gel 
column with a solvent system of CH2CI2/ MeOH: 30/1. Appropriate fractions were 
pooled and evaporated to yield the title compound (50 mg) as a colorless glass. 

StepB: 2-Amino-7-(2-Q-methvl-B-D-ribofuranosvlV5-methvl-7g- 

. 15 pvrrolor2.3-^pvrimidin'4f3fl)-one 

A solution of the compound from Step A (50 mg, 0.15 mmol) in 0,5M 
NaOMe/MeOH (4 mL) was stirred at reflux temperature for 1.5 h. The mixture was 
cooled, mixed with silica gel and evaporated to dryness. The silica gel was loaded 
onto a silica gel column and eluted with a solvent system of CHaCh/MeOH: 30/1. Hie 

20 fractions containing the product were collected and evaporated to yield 2-amino-7-(2- 
0-methyl.p-D-ribofuranosyl)-4.methoxy-5-methyl-7H-pyrroloP^^ 
mg). TWs was mixed with 2 N aqueous NaOH (4 mL) and stirred at reflux 
temperature for 10 h. The mixture was cooled in ice bath, neutralized with 2 N 
aqueous HCl and evaporated. The solid residue was suspended in MeOH. mixed with 

25 silica gel and evaporated. The silica gel was loaded onto a silica gel colunm and 
eluted witii a solvent system of CH2CI2/ MeOH: 5/1. Appropriate fractions were 
pooled and evaporated to give the tide compound (40 mg) as a white solid. 
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*H NMR (pUSO-dc): 6 2.18 (s. 3H), 3.26 (s. 3H). 3.45. 3.52 (2m, 2H). 3.82 (m, IH). 
3.97 (dd. IH). 4.20 (m. IH), 4.99 ((t, IH). 5.10 (d, IH), 5.94 (d, 
1H,7= 7.0 Hz), 6.19 (bs, 2H). 6.68 (s, IH), 10.60 (br, IH). 

5 EXAMPLE 15 



2-Amino-7-(2-deoxv-2-fluoro-B-D-fl rabmofmmnwlV7H-pvrrolo 
4(3j-n-one 




10 This compouhd was prepared following the procedures described in /. 

Med. Chem. 38: 3957 (1995). 

EXAMPLE 16 

1^ 2-Aminfv.7-fB-D-arabin ofuranosvlV7g-pvrrolor2.3-rf]pvriniidin-4(3ffl-on^ 

O 



"AT 

Hd 

This compound was prepared foUowing the procedures described in J. 
Org. Chem. 47: 226 (1982). 



20 
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EXAMPLE 17 

2-Amino-7-fB-D-arabinof uranQsv1V3.4-dihv^^ 
5-carfaonitrile 




Step A: 2-Amino-7-fB-I>-arabinoftiimosvlV4-chlo!^ 
rf|pYriniidiT ie-5-caifaQnitril& 

This intennediate was prepared according to 7. Chem. Soc. Perkin 
Trans. 1,2375 (19S9). ) , 
10 \ 

StepB: 2-Amino»7-fB>D-araMnQfm TOosvIV3,4-dihvdro^ 
dlpviimidine-5-carbQnitrile 

To a solution of the compound from Step A (163 mg, 0.50 mmol) in 
DMF (5.0 mL) and dioxane (3.5 mL) was added syn-pyridinealdoxime (336 mg, 2.75 

15 mmol) and then tetramethylguanidine (288 mg, 2.50 mmol). The resulting solution 
was stirred overnight at rt, evaporated in vacuo and and co-evaporated three times 
from acetonitrile (20 mL). The oily residue was purified on silica using 
methanol/dichloromethane (1:4) as eluent Fractions containing the product were 
pooled and evaporated in vacuo to give the desired product (72 mg) as a colorless 

20 solid. 

*H NMR (DMSO-rf^: 8 3.60 (m, 2H), 3.73 (m, IH), 4.01 (m. 2H), 5.06 (m, IH), 5.48 
(m, 2H), 6.12 (m, IH), 6.52 (bs, 2H). 7.70 (s, IH), 10.75 (bs, IH). 
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EXAMPLE 1« 



2->Aminc)-S-methvl-7-(B-D>aiabinofaranQs vlV7H^^ 



methvl->7g'pvrrolor2,3wflpY riTniHi'nft 

To a solution of l-0-p-iutix)benzyI-D-aiabinofiiianose (3.81 g, 6.70 
mmol) in DCM was bubbled HBr until TLC (hexane/ethylacetate (2: 1)) showed 
complete reaction (about 30 min). The leation mixture was filtered arid ev^orated in 

10 vacuo. The oily residue was taken up in acetonitrile (10 mL) and added to a 
vigorously stirred suspension of 2-amino-4-chloro-5-methyl-7fl-pyrTolo[2,3- 
dlpyrimidine Oiebigs Ann. Chem. (1984), 4, 708) (1.1 1 g, 6.00 mmol) KOH (1.12 g, 
20.0 mmol) and tris[2-(2-methoxyethoxy)ethyl]amine (0.216 g, 0.67 mmol) in 
acetonitrile (80 mL). The resulting suspension was stirred at rt for 30 min, filtered and 

15 evaporated in vacuo. Ihe crude product was purified on silica using 

hexane/ethylacetate (3: 1) as the eluent Fractions containing the product were pooled 
and evaporated in vacuo to give the desked product (1.13 g) as a colorless foam. 

StepB: 2-»Amino-7-fl-D-arabin ofuranosvl-4-cMoro-5-methvl-7^^^ 

20 rflpvrimidine 

To a precooled (-78''C) solution of the compound fiom Step A (0.99 g, 
1.7 mmol) in dichloromethane (30 mL) was added borontrichloride (IM in 
dichloromethane) (17 mL, 17.0 mmol) over a 10 min. The resulting solution was 
stirred at -78 for Ih, allowed to warm to -IS^'C and stirred for another 3h. The 

25 reaction was quenched by addition of methanol/dichloromethane (1 >1) (15 mL), 
stirred at -15**C for 30 min, and pH adjusted to 7.0 by addtion of NH4OH. The 

mixture was evaporated in vacuo and the resulting oil purified on silica using 




H6 



5 Step A 



2>Amino-7-f2.3-5-.tri-Q-h enzVl-B-D-arabinofiiranosv»-4^hloro-S-> 
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methanol/dichloromehane (1 :9) as eluent. Fractions containing the product were 
pooled and evaporated in vacuo to give the desiied product (257 mg) as a colorless 
foam. 

5 StepC: 2-Ainino-7-fB-D-:arabinofuranosvn-S->methvl-7Hovrr^ 
rflpvriinidin-4f3flVone 

To the compound from Step B (157 mg, 0.50 mmol) was added NaOH 
(2M, aqueous) (2 mL). The resulting solution was stirred at relux for Ih, cooled and 
neutralized by addition of HCl (2M, aqueous). The mixture was evaporated in vacuo 
10 and the crude product purified on silica using methanol/dichloromehane (2:8) as 

eluent. Fractions containing the product were pooled and evaporated in vacuo to give 
the desired product (S3 mg) as a colorless powder. 

NMR (DMSO-rf^: 5 2.13 (d, 3H), 3.58 (m, 2H). 3.71 (m, IH), 4.00 (m, 2H), 5.09 
(m, IH), 6.22 (bs, 2H), 5.50 (m, 2H), 6.12 (m, IH), 6.64 (s, IH), 10.75 (bs, IH). 

15 

EXAMPLE 19 

I ' • — 

2-Amino-7-(3Kieoxv-3-fluoro-B-D-ribofuranosvlV 7g-pvrrolor^^^^ 
one 



O 




A solution l-0-acetyl-2-0-ben2yl-5-0-(p-toluoyI)-3-deoxy-3-fluoro- 
D-ribofiiranose (410 mg, 1.01 mmol) (prepared by a modified method described for 
similar sugar derivatives, Helv. Chinu Acta 82: 2052 (1999) and 7. Med, ChemA99h 
34. 2195) in anhydrous CH2CI2 (1.5 mL) was cooled to*-15^C in a dry ice/CHsCN 
25 bath. After cooling the reaction mixture for 10 min. under the argon atmosphere, 33% 
HBr/AcOH (370 jjL, 1.5 equiv.) was added slowly over 20 min keeping the bath 
temperature around -15°C. After the addition was complete, the reaction mixture was 
stirred at -lO^C for 1 hr. The solvent was removed under reduced pressure and the 
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residue azeotroped with anhydrous toluene (5x10 mL). In a separate flask, 2-aimno-4- 
chloro-7H-pyriolo[2,3-iflpyriinidine (210 mg, 1.2 mmol) was suspended in anhydrous 
CH3CN (10 mL).and cooled to -lO^C To this was added 60% NaH dispersion in oil 
(57 mg) in two portions, and the reaction mixture was stirred for 45 min. during 
5 which time the solid dissolved and the bath temperature rose to O^C. The batfi was 
removed and stirring was continued for about 20 additional min. It was cooled back to 
-10°C and the bromo sugar, prepared above, was taken up in anhydrous CH3CN (1.5 
mL) and added slowly to the anion of nucleobase . After the addition was complete, 
the reaction mixture was stirred for an additional 45 min allowing the temperature of 

10 the reaction to rise to O^C. The bath was removed and the reaction allowed to stir at 
room temperature for 3 hr. Methanol was added carefully to the reaction mixture and 
the separated solid removed by filtration. The solvent was removed under reduced 
pressure and the residual oil dissolved in EtOAc (50 mL) and washed with water 
(3x20mL). Tlie organic layer was dried over Na2S04 and concentrated to give an oU. 

15 It was purified by column chromatography to furnish fiilly protected 2-amino-7-(5.0- 
(p-toluoyl)-2-0-ben2yl.3-debxy-3:fluon)-P-D-rib^ 

pyTrolo[2,3-£flpyrimidine (190 mg) as an ct/p mixture (1:1) . After conversion of 4- 
chloro to 4-0x0 by heating the compound with 2N NaOH/dioxane mixture at 105®C 
and after the usual workup the residue was debenzylated using 20 mol% w/w of 10% 
20 Pd/C and ammonium formate in refluxing methanol to give title compound after 
purification by HPLC; yield 10%. ESMS: calcd for CnH,3ESF404 284.24, found 
283.0 (M+1). 



25 



EXAMPLE 20 

2-AnMno-3.4-dihvdn)-4K)Xo-7-f2-^eQxv-B -D-ribofii^ 
rflDvrimidine-5-carfaonitrile 

"LI 

HO->^A^ N"^NH2 



-74- 



wo 02/057425 



PCT/DS02/01531 



This compound was prepared following the procedures described in 
Synthesis 1327 (1998). 

EXAMPLE 21 

5 

6-AnMno-l-(B-D-tibofuran osvlVlWLiipi dazor4J-c1pvridin-4fSg>-one 




Hd t)H 

This compound was prepared following the conditions described in /. 
Am. Chem. Soc. 97: 2916 (1975). 
10 \ ' 

EXAMPLE 22 

2-AminQ-7-/2-0 -methvl-B-D'ribofuranosvl)-5H-pm^ 

O 




h6 OMe 

15 To a suspension of 2-aniino-5^^pyciolo[3,2-^pyrinMdin-4(3fl^ (9- 

deazaguanine) (0.454 g, 3.0 mmol) (prepared according to J.0rg.Cheml91%, 43, 
2536) and 2-0-methyl-13,5-tri-0-benzoyl-p.D-ribofuranose (1.54 g, 3.2 mmol) in 
dry nitromethane (23 mL) at 60°C was added stannic chloride (0.54 mL, 4.5 mmol). 
The reaction mixture was maintained at this temperature for 0.5 hr., cooled and 

20 poured onto ice-cold saturated, sodium bicarbonate solution (70 mL). The insoluble 
material was filtered through florisil and washed with ethyl acetate (3x50 mL). The 
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filtrate was extracted with ethyl acetate (2x50 mL), and organic layer was washed 
with water (2x50 mL), dried over Na2S04 and evqKjrated to dryness. Chiomatography 
of the resulting foam on silica gel with CH^JMbOII(M:1) afforded the benzoylated 
product (0.419 g, 30% yield). To a suspension of the benzoylated product (0.25 g) in 
5 MeOH (2.4 mL) was added t-butylamine (0.52 mL) and stirring at room ten^eratute 
was continued for 24 hrs. foUowed by addition of more t-butylamine (0.2 mL). The 
reaction mixture was stirred at ambient temperature overnight, concentrated in 
vacuum and the residue was purified by flash chromatography over silica gel using 
CH2a2/MeOH (85:15) as eluent giving the desired compound as a foam (0,80 g). 
10 'HNMR (200MHz. DMSO-d^): 5 H23.28 (s, 3H), 3.40-3.52 (m, 3H), 3.87-3.90 (m, 
IH). 4.08-4.09 (m. IH). 4.67 (d. IH. 7 := 5.2 Hz). 4.74 (d. IH, / = 7.0 Hz), 5.62 and 
5.50 (2 bs, 3H). 7.14 (d, IH. 7= 2.6 Hz), 10.43 (s,lH). 11.38 (s,lH); 
Mass spectrum: baled, for C12H16N4O5: 296.28; found: 295.11. 

15 EXAMPLE 23 

I 

6-Ainino-l>(3-<leoxv-B-l>ribofiiimQsyl >4g^^ 
deoxv-3-deaza-guanQsine) 




20 Step A: 3-Deoxv-4-0- p-toluovl-2-Q-acetvl-B-D-rihofuranosvl acetate 

A solution of 3-deoxy-4-0-p-toluoyl-1.2-0-isopropylidene-P-D- 
ribofuranose {Nucleosides Nucleotides 1994, 13, 1425 and Nucleosides Nucleotides 
1992, 11, 787) (5.85 g, 20 mmol) in 64 mL of 80% acetic acid was stirred at 85'C 
overnight The reaction mixture was concentrated and co-evq)orated witfi toluene. 

25 The residue was dissolved in 90 mL of pyridine. Acetic anhydride (6 mL) was added 
at O'C, and the reaction mixture was stirred at rt for 6 h. After condensation, the 
residue was dissolved in ethyl acetate and washed with aqueous sodium bicarbonate 
solution, water and brine. The organic phase was dried and concentrated. 
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Chromatographic purification on a silica gel colunm using 3:1 and 2:1 hexanes- 
EtOAc as eluent provided 5.5 1 g of the title compound as a clear oiL 

NMR (CDCI3): 6 1.98 (s. 3H), 2.09 (s, 3H). 2.15-2.35 (m, 2H), 2.41 (s, 3H), 4.27- 
4.42 (m, IH), 4.46-4.58 (m, IH), 4.65-4.80 (m, IH), 5.21-5.28 (m, IH), 6.20 (s, IH). 
5 7.19-7.31 (m. 2H). 7.90-8.01 (m, 2H). 

StepB: Methyl 5^vanomethvl-l-(3-deoxv-4-0-p-toluovl-2-0-acetvl-p-D- 
ribofiiranos yl)-! ^-iTni dazole-4-carfaoxvlate 
A mixture of methyl 5(4)-(cyanomethyl)-lH-imidazole-4(5)- 

10 carboxylate (/. Am. Chem. Soc. 1976, 98, 1492 and /. Org, Chenu 1963, 28, 3041) 
(1.41 g, 8.53 mmolX 1,1,1,3,3,3-hexamethyldisilazane (20.5 mL) and ammonium 
sulfate (41 mg) was refluxed at 125®C under Ar atmosphece for 18 h. After 
evaporation, the residue was dissolved in 10 mL of dichloroethane. A solution of the 
compound from Step A (2.86 g, 8.5 mmol) in 10 mL of dichloroethane was added 

15 followed by addition of SnCU (1.44 mL, 3.20 g). The resulted reaction mixture was 
stirred at rt overnight and difiited wifli chloroform. The mixture was washed with 
aqueous sodium bicarbonate; water and brine. The organic phase was dried and 
concentrated. Chromatographic purification of the residue on a silica gel column 
using 1:1, 1:2, and 1:3 hexanes-EtOAc as eluent provided 2.06 g of the title 

20 compound as a white foam. 

NMR (CDCI3) 6 2.15 (s. 3H), 2.28-2.40 (m, 2H), 2.38 (s, 3H), 3,87 (s, 3H), 4.46 
(dd, 2H, 7 = 7.6, 2.0 Hz). 4.50-4.57 (m, IH), 4.68-4,75 (m, IH), 4,76-4.83 (m, IH), 
5.41 (d, IH, / = 5.6 Hz), 5.91 (s, IH). 7.24-7.28 (m, 2H), 7.80 (s, IH), 7.82-7.90 (m, 
2H); ^^C NMR (CDCI3) 5 13.1, 20.7, 21.6, 31.5. 51.8, 63.5, 77.9, 79.2, 89.8, 115.1. 

25 126.2, 129.3, 129.5, 131.7, 135.1, 144.3. 163.1, 166.1, 170.3. 

StepC: 6-Amino-l-f3-deoxv-p-D-ribofuranosvlVlH-imidazor4.5-c1pvridine^ 
4(5H>-one 

A solution of the compound from Step B (2.00 g, 4.53 mmol) in 
30 methanol (30 mL) was saturated with ammonia at 0°C. Concentrated ammonium 

hydroxide (30 mL) was added and the sealed metal reactor was heated at 85''C for 5 h. 
After cooling to rt, the reaction mixtuxe was transferred directiy onto a silica gel 
colunm. Elution with 4:1, 3:1 and 2:1 CHa3-MeOH provided 0.79 g of the title 
compound as a white solid. 
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'HNMR (PMSO-dt): 82.41-2.46 (m, IH). 2.52-2J8 (m. IH). 3.48-3 J5 (m, IH). 
3.60-3.70 (m, IH), 4.27-4.36 (m, 2H), 4.97 (t, IH, 7= 5.6 Hz). 5.44 (s. IH), 5.47 (s, 
IH). 5.60 (s. 2H), 5.66, (d. IH, / = 4.4 His), 7.90 (s, IH), 1033 (s, HQ: "C NMR 
(DMSO <*,) 6 34.1. 62.4, 70.4. 74.7. 80.4. 91.6. 123.0, 136.3. 141.9, 147.6, 156.5. 

5 

EXAMPLE 24 

6-Amino-l-(3-deoxv-3-fluoro-B-D- ribofigmosvlVlg-imidazor4.5-clDVri 
one 



O 




10 ; bH 

This con^>ound was prepared in a manner similar to the preparation of 
2-amino-7-(3-deoxy-3-fluoro-P-D-ribofuranosyl)-7£?-pyiTolo[2,3-d]pyri^ 
one (Example 23). ' 

IS EXAMPLE 25 

l-(B-D-RibofuranosvlVlg-pyrazolor3.4-rf] pvtimidiii-4r3ffl-onefAUw 
riboside) 



O 




H(5 bH 



20 



This compound was obtained iirom commercial sources. 
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EXAMPLE 26 
9-(B-D-Ara binofliranosvlV9g-puriT^-^flflV-one 



O 




i ll 



Hd 

5 This compound was prepared foUowing the condition described in 7. 

Med. Chem. 18: 721 (1975). 

EXAMPLE 27 

10 2-Amino-7-(2-0-methvl-B -I%ribofmanosvlWg-Dvrro1or23-Jlpvrimi 
thione 




A solution of the compound fiom Example 1 1, Step C (1.5g, 5 mmol). 
thiourea (0.4 g, 5.2 mmol.) in abs. EtOH was lefluxed for 16 hrs. The solution was 
15 evaporated and the resulting oil chromatographed on silica gel (EtOAcMeOH: 9/1) to 
afford the desired product as a foam. 

NMR (pMSO-de): 5 3.30 (s. 3H). 5.00-5.06 (t, IH), 5.19 (d. IH), 5.95 (d. IH), 
6.43 (d, IH), (d. IH). 

20 
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EXAMPLE 28 

2-Amino-7 -fB-D-ribofuranosvlV7tf-pvrrolor2.3-#^ 




h6 hn 



5 This compound was obtained from conmoeicial sources. 

EXAMPLE 29 

2-Aniino-4K;hlon)-7-r2-0-methvi-B-D-ribofi iranosvlV7H-pwolor2 . 
lb caifeonitrile 




h6 t>Me . 



This ojnipound was prepared as described in Exanaple 13, Steps A-C. 
EXAMPLE 30 

15 

2-Anuno-4-chloro- 5-ethvl-7-f2-0-methvl-fi-D-ribofiiranosvlV7H-pvm)l^^ 
pvrimidine 
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Step A: 2'Amino-4-chloro-5-ethvl>7-r3,5-0-^teti^sopropvl(lisiloxan^ 
divlVB-D-riboftuanosvl1-7g-pvnolor2,3-/f)p Vrimi^ 
. To a solution of 2-amino-4-cUoro-5-ethyl-7-(p-D-ribofiu:anosyl)-7H- 
5 pyrrolo[2,3-<lpyrimidine (0.300 g, 0.913 mmol) in pyridine (8 mL) was added 1,3- 
dichloro-l,l,33-tetraisopropyldisiloxane (0.317 g, 1.003 mmol) dropwise. The 
solution stirred at it overnight, evaporated in vacuo to an oil, and evaporated 
repeatedly from acetonitrile. The crude product was purified on silica using 5% 
methanol in dichloromethane as eluent. Fractions containing the product were pooled 
10 and evaporated in vacuo to give the desired product (254 mg) as a colorless solid. 

Step B: 2-Amino-4-chloro-5-ethvl-7-(2-0-methvl-B-D-ribofuranosvIV7H^ 
pycrolor2.3-gnpvrimidine 

To a pre-cooled solution (0°C) of the compound from step A (192 mg, 
15 0.337 mmol) in DMF (3 mL) was added methyl iodide (45.4 mg, 0.320 mmol) and 
then NaH (60 % in mineral oil) (8.10 mg, 0.320 nrniol). The mixture was stirred at it 
for 45 minutes and then poured into a stirred mixture of saturated aqueous ammonium 
chloride (10 mL) and ethyl acetate (10 mL). The organic phase phase was washed 
with brine (10 mL) and dried over MgS04 and evaporated in vacuo. The resulting 

20 oily residue was taken up in THF (5 mL) and tetrabutylannunonium fluoride (1.1 
mmol/g on silica) (0.529 g, 0.582 mmol) was added. The mixture was stirred for 30 
minutes, filtered and the filtrate evaporated in vacuo. The crude product was purified 
on silica using 10% methanol in dichloromethane as eluent. Fractions containing the 
product were pooled and evapprated in vacuo to give the desired product (66 mg) as a 

25 colorless solid. 

iHNMR (DMSO-^/^): 5 1.15 (t, 3H), 2.65 (q, 2H), 3.20 (s, 3H), 3.51 (m, 2H), 3.84 

(m. IH), 4.04 (m, IH), 4.21 (m, IH), 4.99 (m, 2H), 5.15 (m, 2H), 6.07 (m, 2H), 6.62 
(shr,2H),7.06(s,2H). 
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EXAMPLE 31 

2-Aimno-4-chIoro-5-methyl-7-(2-0-methyl-P-D-ribofu^ 
^pyrimidine 

Me CI 

5 h6 ^m© 

TMs conipound was prepared as descnbed in Example 14, Step 
*H NMR (CDsOD): 6 2.33 (s. 3H), 3.39 (s. IH), 3.72, 3.83 (2dd, 2H), 4.03 (m, IH), 
4.17 (t, IH). 4.39 (dd, IH), 5.98 (d, IH, /= 5.9 Hz), 6.7 (bs, 2H), 7.01 (s, IH). 

10 \ EXAMPLE 32 

2-Ainino-4-<:hloro-7~(2-Q-methvl-B-D"ribofuranosvlV7g-pYTO 

CI 

hd ^Me 

This compound was synthesized as described in Exaniple 11, Steps A-C. 

15 

EXAMPLE 33 

2-Amin(v4-chlorD-7-fB-I>-ribofuiMiosvlV7H-pvrro 
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CI 




hS 't)H 



This compound was prepared following the pnxredures described in 
Helv. CMoLActa 73: 1879(1990). 

5 EXAMPLE 34 

2-Amino-4-cMoro-5-methvl-7-(P-D-ribofuranosvlV7g-pynDlof23-rflpvri 




The compound was prepared as described in Example 12, Steps A-B. 
10 'H NMR (DMSO-tfe): 5 2.29 (s, 3H), 3.54 (m, 2H), 3.84 (m, IH), 4.04 (dd, IH, // = 
3.0, J2= 4.9 Hz), 4.80-5.50 (bs. 3H). 4.28 (t. IH), 5.98 (d. IH, 6.5 Hz), 6.7 (bs, 
2H),7.13(s,lH). 

EXAMPLE 35 

15 

2-Amino-4-chloro-5-ethvl-7-(B-D-ribofuranosvlV7g-p\TTolor23Hf1pvri^ 
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hS 

This compound was piepared as described in Exanq>le 9, Steps A-B. 
*H NMR (DMSO-dij): 5 2.00 (t, 3H). 2.69 (q, 2H), 3.48 (dd. 1 H, /y =4^ Hz, J2 = 
1 1.8 Hz), 3.56 (dd, IH. J/ = 4.3 Hz, J2 = 11.8 Hz), 3.80 (m, IH), 4.02 (dd, IH, J] = 
5 3.1 Hz, /2 = 5.0 Hz), 4.62 (t, IH), 5.0 (bs, 2H), 5.2 (bs. IH), 5.60 (d. IH. 7 = 6.4 Hz), 
6.61 (bs,2H), 7.09 (s,lH). 

EXAMPLE 36 
10 2-Aminn4i H;Moro-9-^P-D-rjlbofuiahosvl)-9H-pimne 

hS bH 

This compound was obtained from commercial sources. 

EXAMPLES? 

15 

2-Amino-4-chl oro-7-(ft-I>ribofiiranosvl)-7/f-p\Tcrolor2.3-rflpv^ 
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H6 t>H 

This compound was prepared following the procedures described in J. 
Ghent Soc. Perkin Trans. 1. 2375 (1989). 

EXAMPLE 38 

2^AiTiinft- 4.>cMon>-7-f2-deo3cv-2-fluoro-B-D-arabinof^^ 
rflpvrimidine 




10 This compound was prepared following the procedures described in J. 

Med, Chenu 38: 3957 (1995). 

EXAMPLE 39 

15 2-Amino-4-chloro-5-methvl-7-(B-D-arabinofuranosvlV7g-pvrrolor2.3-<fl 
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■N 

\ LoH 

The compound was piepaied as described in Example 18, Steps A-B. 
iH NMR PMSO-Jg): 6 2.24 (s, 3H). 3.60 (m, 3H). 3.98 (m, 2H). 4.98 (m, IH), 5.43 
(bs, 2H), 6.25 (s, IH), 6.57 (bs, 2H), 7.01 (s, IH). 

5' , 

EXAMPLE 40 



2'-Q-Metfavlcvtidine 



HO OMe. 

10 TUs con^und was obtained from commercial sources. 

EXAMPLE 41 

3'-Deoxv-3'-methvlcvtidine 

NH2 
O 



15 Me OH 
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This compound was prepared following the procedures described in 
U.S. Patent No. 3,654^62 (1972), which is incorporated by reference herein in its 
entirety. 

EXAMPLE 42 

3*^Deoxvcvtidine 



OH 

This compoipd was obtained from commercial sources. 
10 I 

EXAMPLE 43 

3*-Deoxv-3 '-fluorocytidine 

NH2 

M i 

HO- 



F OH 

13 This compound was piepaied following the procedures described in 

/. Med. Chem. 34: 2195 (1991). 

EXAMPLE 44 
20 1 -rB-D-ArabinofuranosvlV Iff-cvtosine 
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Hd 

This compound was obtained ficom commercial sources. 
EXAMPLE 45 



5 

y-Aniinfv9.'-dft 0XVCVtidine 



f1 



h6 '*NH2 



N 

b 



This compound was obtained from commercial sources. 

10 

EXAMPLE 46 

3'-Deoxv-3'-methvluridine 

.0 



^ NH 

HO^ .o. P~i 

0 • 
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This compound was prepared following procedures described in U.S 
Patent No. 3,654,262, which is incorporated by leforence herein in its entirety. 

EXAMPLE 47 

5 

3'-Deoxv-3'-fluoTOapdi^e 

O 



b 



w 

Hiis compound was prepared following procedures described in J. 
Med. Chem. 34: 2195 (1991^ and FEBS Lett. 250: 139 (1989). 
10 . I 

EXAMPLE 48 



3'-Deoxy-5-inethyIuridine 



Me O 



{ NH 

15 ■ This compound was obtained from commercial sources. 

EXAMPLE 49 

3'-Deoxv-2'-Q-(2-methoxvetfavlV3'-methvl-S-methvluridine 
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^ NH 



Ml b--^ 

^OMe 

Step A: 5*-Q>^teyt-btttvldiphenvlsilvlV3^>0-f3-teyt-butvlphenoxvthiocari^ 
2'-0>f2"inethoxvethvlV5-methvluridine 

This compound was synthesized by the reaction of Ae corresponding 
S S*-protected-2*-substituted-5-methyluridine with 3'-/-butylpheiioxy 

chlorothionoformate following the similar procedure for the preparation of 3'- 
phenoxythiocarbonyl-2*-deoxy derivative (Synthesis 1994, 1163). 

StepB: 5'>0-frg;t-ButvldiphenvlsUvlV3*-deoxv-y>Q-^2-methoxvethvlV3^Q^ 
10 phenvlethenvivS-methvluridine 

To a solution of 5'-0-(rerr-butyldiphenylsilyl)-3'-0-(3-/eAt- 
butylphenoxythiocaibonyl)-2'-0-(2-methoxyethyl)-5-methyluridine (15.0 g, 20.0 
mmol) in ISO mL of benzene was added PhCH=CHSnBu3 (18.7 g, SO mmol). The 

resulting solution was degassed three times with aigon at rt and 4S*'C. After AIBN 
IS (1.0 g, 6.1 mmol) was added, the resulting solution was refluxed for 2 h. Another 
portion of AIBN (1.0 g, 6.1 mmol) was added after cooling to about 40^ and 
refluxed for 2 h. This procedure was repeated until the starting material disiqypeared. 
The solvent was evaporated and the residue was purified by flash chromatography on 
a silica gel column using 10:1 and 5:1 hexanes-EtOAc as eluent to give 1.74 g of 5'- 
20 0-(fe/t-butyldiphenyIsayl>3'-deoxy-2'-0-(2-medioxyethyl)-3'<2-^^^ 
methyluridine as a white foam. 

*H NMR (CDCI3): 5 1.13, (s, 9H). 1.43 (s. 3H), 3.18--3.30 (m, IH), 3.37 (s, 3H), 
. 3.58-3.62 (m. 2H), 3.79-3.80 (m, 2H), 4.06^.37 (m, 4H), 4.95 (s, IH), 6.25-6.40 
(m. IH), 6.62 (d, IH, 7 = 16 Hz), 7.27-7.71 (m. 16 H), 9.21 (s, IH); NMR 
25 (CDCl3)5ll.9, 19.6,27.2,45.3,59.0.62.1.70.2,72.0,84.6, 87.1,90.2, 110.4, 122,8. 
126.4, 127.8, 128.0, 128.3, 128.6. 130.0, 132.7, 133.5. 134.7, 135.3, 135.4, 136.9, 
1503, 154.1; HRMS (FAB) m/z 641.302 (M + H)* (Cs^H^jNjO^i requires 641304). 
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StepC: S^O-ftm-ButvldiDhenvlsilvlV3^deoxv0^fhvdroxvmethvlV2^-0->(^^ 
methoxvethvlVS-methvltiridine 

To a solution of 5'-OK^^rt-butyldiphenylsilyl)-3'-deoxy-2'-0-(2- 
methoxyethyl>3M2-phenylethenyl).5-methyluridine (5.0 g, 7.8 mmol) and AT- 
5 methylmorpholine N-oxide (NMO) (1.47 g, 12.5 nunol) in 150 mL of dioxane was 
added a catalytic amount of osmium tetraoxide (4% aqueous solution, 2.12 mL, 85 
mg, 0.33 mmol). The flask was covered by aluminum foil and the reaction mixture 
was stirred at rt overnight. A solution of NaI04 (5.35 g, 25 mmol) in 5 mL of water 

was added to the above stirred reaction mixture. The resulting reaction mixture was 
10 stirred for 1 h at 0**C and 2 h at rt, followed by addition of 10 mL of ethyl acetate. Tht 
mixture was filtered tiirough a celite pad and washed with ethyl acetate. The filtrate 
was washed 3 times with 10% aqueous Na2S203 solution until the color of aqueous 

phase disappeared Hie organic phase was further washed with water and brine, dried 
(Na2S04) and concentrated. The aldehyde thus obtained was dissolved in 130 mL of 
15 ethanol-water (4:1, v/v). Sodium borohydride ^aBH4) (1.58 g, 40 mmol) was added 
in portions at O^^C. The resulting reaction mixture was stirred at rt for 2 h and then 
treated witii 200 g of ice water. The mixture was extracted witii etfiyl acetate. The 
organic phase was washed with water and brine, dried (Na2S04) and concentrated. 

The resulted residue was purified by flash chromatography on a silica gel column 
20 using 2: 1 , 1 : 1 and i :2 hexanes-EtOAc as eluents to give 1 .6 g of 5*-0-(^eit- 
butyldiphenylsilyl)-3'-deoxy-3'-(hydroxymetiiyl)-2'-0-(2-methoxyethyl)-5- • 
methyluridine as a white foam. 

NMR (CDCI3): 5 1.09 (s, 9H). 1.50 (s, 3H), 2.25 (bs. IH), 2.52-2.78 (m, IH), 3.38 

(s, 3H), 3.52-4.25 (m, lOH), 5.86 (s, IH), 7.38-7.70 (m, IIH). 9.95 (bs, IH); ^^C 
25 NMR (CDCI3): 6 12.1. 19.5, 27.1, 43.1, 58.2, 58.8, 63,1, 69.5, 71.6, 82.3, 86.1, 89.8. 

110.5, 128.0, 130.2, 132.5. 133.2, 135.1, 135.3, 136.5, 150.5, 164.4; HEIMS (FAB) 
m/z 569.268 (M + H)"* (CgoH^iNjO^Si requires 569.268). 

StepD: 5'-Q-frg?t->ButvldiphenvlsilvlV3'-deoxv-3'-aodomethvlV2'-0-f2- 
30 methoxvethvlV5-methvluridine 

To a solution of 5'-0-(r6rf-butyldiphenylsilyl)-3'-deoxy-3'- 
(hydroxymethyl)-2'-0-(2-methoxyetiiyl)-5-metiiyluridine (1 .34 g, Z35 mmol) in 25 
mL of anhydrous DMF under stirring was added sequentially at 0°C 2,6-lutidine (0.55 
mL, 0.51 g, 4.7 mmol, 2.0 cquiv) and methyl triphenoxy-phosphonium iodide (1.28 g. 
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. 2.83 mmol). The resulting reaction mixture was stined at OX for 1 h and at rt for 2 h. 
The reaction mixture was diluted with 10 mL of ethyl acetate and washed twice witii 
0.1 N Na2S203 aqueous solution to remove iodine. The oiganic phase was fuitfier 
washed with aqueous NaHCOs solution, water, and brine. The aqueous phases were 
S back extracted with ethyl acetate. The combined organic phases were dried QiB2S04) 
and concentrated. The resulting residue was purified by flash chromatography on a 
silica gel column using 5:1, 3:1 and then 1:1 hexanes-EtOAc to provide 1.24 g of 5'- 

0-(rerf«butyldiphenylsilyl)-3*Kieoxy-3Miodomethyl)-2'-0-(2-methox^^ 
methyluridine as a white foam. 

10 NMR (CDCI3): 5 1.13 (s, 9H), 1.62 (s, 3H), 2.64-2.85 (m, 2H), 3.20-3,35 (m, IH), 
3.38 (s, 3H), 3.50-4.25 (m, 8H), 5.91 (s, IH), 7.32^7.50 (m, 6H), 7.60 (s, IH), 7.62- 
7.78 (m. 4H), 10.46 (s, IH); "c NMR (ODCy: 5 12.4, 19.5, 27.2, 45.0, 58.0, 62.5, 
70.3, 71.9, 83.3, 85.6, 88.9, 110.5, 128.1, 128.2, 130.1, 130.3, 132.4, 132.9, 135.0, 
135.4, 135.6, 150.7, 164.7; HRMS (FAB) rn/z 679.172 (M + H)* (C3oH4oINp^i 

15 requires 679.170). 

» 

StepE: 3'-Deoxv-3'4iodomeAvlV2^0-f2-methoxvethvn-5-methvluridine 

A solution of 5'-(?-(rerf-butyldiphenylsilyl).3'-^xy-3'-(iodomethyl> 
2'-0-(2-methoxyethyl)-5-methyluridine (L12 g, 1.65 mmol) and triethylamine 

20 trihydrofluoride (1.1 mL, 1.1 g, 6.7 mmol) in 20 mL of THF was stirred at rt for 24 h. 
The reaction mixture was diluted with 50 mL of ethyl acetate and washed with water 
and brine. The organic phase was dried (Na2S04) and concentrated. The residue was 
purified by flash chromatography on a silica gel column. Gradient elution with 2: 1 , 
1:2 and then 1:3 hexanes-EtOAc provided 504 mg of the title compound as a white 

25 foam. 

^HNMR (CD3OD): 8 1.87 (s, 3H), 2.47-2.75 (m. IH), 3.18-3.37 (m, 2H), 3.40 (s, 
3H), 3.59-3.70 (m, 2H), 3.71-3.90 (m, 2H), 3.92-4.17 (m, 4H), 5.87 (s, IH), 8.17 (s, 
IH); C NMR (CDgOD): 6 12.5, 45.2, 59.2, 60.9, 71.0, 72.9, 85.4, 873, 89.7. 110 J, 
138.0, 152.1, 166.6; HRMS (FAB) m/z 441.053 (M + H)* (C^^B^JN^O^ requires 
30 441.052). 

StepF: 3'-Deoxv-5'-044-methoxvtritvlV3^-fiodomethvlV2'-0-f2- 
methoxvethvl)-5>methvluridine 
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A mixture of 3'-deoxy-3*-(iodomethyl>-2'-0-(2-methoxyethyl>-5- 
methyluridine (472 mg, 1.1 nimol), diisopropylcthylamine (0.79 mL. 0.586 g, 4.5 
mmol), and/>-anisyl chlorodiphenyl methane (4'-methoxytiityl cWoride, MMT-Cl) 
(1.32 g, 4.27 mmol) in 6 mL of ethyl acetate and 4 mL of THF was stirred at rt for 48 
5 h. The reaction mixture was diluted with ethyl acetate and washed with water, 
followed by brine. The organic phase was dried (Na2S04) and concentrated The 

crude product was purified by flash chromatography on a silica gel colunm. Gradient 
elution with 3:1, 2:1, 1:1, and then 1:3 hexanes-EtOAc provided 690 mg of the title 
compound as a white foam. 
10 *H NMR (CDClj): 5 1.46 (s, 3H), 2.70-2.89 (m, 2H), 3.19-3.31 (m, 2H), 3.39 (s. 3H), 
3 J8-3.70 (m, 3H), 3.80 (s, 3H), 3.80-3.94 (m, IH), 4.05-4.25 (m, 3H), 5.89 (s, IH), 
6.85 (s, IH), 6.89 (s, IH), 7.24-7.48 (m, 12H), 7.78 (s, IH), 9.69 (s, IH); "c NMR 
(CDOj): 5 12.3, 45.3, 55.3, 58.9, 6L6, 70.2, 71.9, 82.6, 85.6. 87.1, 89.1, 110.5, 

113.4, 127.4, 128.2, 128.4, 130.5, 134.7, 135.3, 143.6, 143.7, 150.5, 158.9, 164.6. 
15 HRMS (FAB) m/z 735.155 (M + Na)* {C^Tiip^2L requires 735.154). 

• 5i 
S 

Step G: 3'-Deoxv-5*-i0-f4-methoxvtritvlV3^methvl"2^O-f2-methoxvethvlV^^ 
methvluridine 

A mixture of anmionium phosphinate (410 mg, 5.1 mmol) and 
20 1,1,1,3,3,3-hexamethyldisilazane (1.18 mL, 0.90 g, 5.59 mmol) was heated at 100- 
1 10°C for 2 h under nitrogen atmosphere with condenser. The intermediate 
BTSP(bis[trimethylsiIyl]phosphinate) was cooled to OX and 5 mL of 
dichloromethane was injected. To this mixture was injected a solution of 3'-deoxy-5'- 
0-(4-methoxytrityl)-3Miodomethyl)-2*-OK2-methoxyethyl)-5-methyl^ (0.78 g, 
25 1.1 mmol) and diisopropylethylamine (0.39 mL, 287 mg, 2.23 mmol) in 7 mL of 
dichloromethane. After the reaction mixture was stirred at rt overnight, a mixture of 
THF-MeOH-NEt3 (3/6/0.3 mL) was added and continued to stir for 1 h. The reaction 

mixture was filtered through a pad of celite and washed with dichloromethane. Hie 
solvent was evaporated and the residue was purified by flash chromatography on a 
30 silica gel column using 2:1, 1:1, and then 1:2 hexanes-EtOAc as eluent providing 380 
mg of the title compound. 

*H NMR {CDd^x 5 0.97 (d, 3H, /= 6.8 Hz), 1.41 (s, 3H), 2.35-2.55 (m, IH), 3.27 
(dd, IH, 7= 11.0, 3.0 Hz), 3.37 (s, 3H), 3.54-3.68 (m, 3H), 3.79 (s, 3H), 3.75-3.87 
(m, IH), 3.94 (d, IH, 7= 5.0 Hz), 4.03-4.16 (m, 2H), 5.84 (s, IH), 6.83 (s, IH), 6.87 
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(s, IH), 1.210-131 (m, 8H), 7.39-7.50 (m, 4H), 7.86 (s. IH), 9.50 (s, IH); "c NMR 
(CDCI3): S 8.7, 12.1, 35.6, 55.3, 59.6, 61.7, 69.8, 72.1, 85.4, 86.4, 86.7, 89.8, 1 10.0, 

113.3, 127.2, 128.0. 128.4, 130.4, 135.0, 135.7, 143.9. 150.5, 158.8, 164.6. 
iniMS (FAB) ffwi 609.256 (M + Na)* (Cj^HjgNjO^Na requires 609.257). 

5 . " 

StepH: 3'-Deoxv-3'-methvl-2^0-f2-methoxvethvn-S-methvluridine 

Trifluoroacetic acid (1 .5 mL) was added diopwise to a stilted solution 
of 3^deoxy-5'-0-(4-inethoxytiityl)-3*-metiiyl-2'-0-(2-inetfioxyediyl)-5-ineft 
(370 mg, 0.63 nunol) in 50 mL of chloroform at 0 "C. The mixture was stined at rt 
10 for 30 min, concentrated, and then dissolved in etiiyl acetate. The solution was 
washed with dilute sodium bicarbonate and brine. The organic phase was dried 
(Na2S04) and concentrated. The resulting residue was purified by flash 

. chromatography on a silica gel column. Elution with 1:1, 1:3 and then 0:1 hexanes- 
EtOAc provided 170 mg of the tide compound as a white foam. 
15 'h NMR (GDOj): 6 1.03 (d, 3H, /= 6.8 Hz), 1.83 (s, 3H), 2.20-2.40 (m, IH), 3.10- 
3.28 (m. IH), 3.35 (s. 3H), 3^50^.15 (m. lOH), 5.81 (s. IH). 7.89 (s, IH), 9.77 (s, 
IH); "c NMR (CDG^: 6 8>9, 12.4, 34.7. 59.0, 60.6, 69.7. 72.0. 86.3, 89.8. 109.7, 
136.9. 150.4. 164.7. HRMS (FAB) m/z 315.154 (M + H)* {C^^^lifi^ requires 
315.155). 

20 EXAMPLE 50 

2*-^mino-2'-deoxvuridine 




H(5 INH2 



This compound was prepared following the procedures described in /. 
25 Org. Chem.6l: 781 (1996). 
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EXAMPLES! 

3*-Deoxvuridine 

<( NH 

This compound was obtained from commercial sources. 

EXAMPLE 52 

2*-C-Methvladenosine ^ 

NH2 

-^1 



A Z.Me 



10 h6 oh 

This compound was piepaied following the conditions described in 
JMed. Chem. 41: 1708 (1998). 

EXAMPLE 53 

15 

3'-Deoxvadenosine fCordvcepin') 
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This compound was obtained from commacdal sources. 
EXAMPLE 54 



5 

3'-Amino-3'-deoxyadenosine 



HgN OH 

This compound was prepared following the conditions described in 
Tetrahedron Lett. 30: 2329 (1989). 

10 

EXAMPLE 55 

8-Bromoadenosine 



h6 bH 



15 



This compound was obtained fiom commercial sources. 
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EXAMPLE 56 

2'-0-Methvladenosine 



NH, 



5 HO t)Me 

This campoand was obtained from commercial sources. 

EXAMPLES? 

10 3'-Deoxv-3'-fluoroadenosinfe 



NH 



'2 



N 



F bH 

This compound was prepared following the procedures described in J. 
Med. Chem. 34: 2195 (1991). 

15 EXAMPLE 58 

6-Methvl-9-(B-D-ribofuranosvlV-9g-purine 
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Me 

This compound was prepared following the procedures described in 
Nucleosides, Nucleotides, Nucleic Acids 19: 1123 (2000). 

5 EXAMPLE 59 

2\3'J*-tri-Q-acetvl-8-methY lsiilf«nYinHftnn^^^ft 

NHa 

Acd bAc 

BXAMPIJB60 

10 

l-Metfivl-9-r2.3.5-tri-0-fp-toluovlVB-I>-ribofiiranosvl1-9i/-purine-6flgW^ 
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S 




R6 t)R 



../OX 

o 

EXAMPLE 61 
4-Amin(>-7-(2-C-metfavl-P-D-arabinoftirano^^^ 




5 HO Me 

To chromium trioxide (1.57 g, 1.57 mmol) in dichloromethane (DCM) 
(10 mL) at O^C was added acetic anhydride (145 mg, 1.41 mmol) and then pyridine 
(245 mg, 3.10 imnol). The mixture was stirred for 15 min, then a solution of 7-[3,5- 
0-[143,3-tetralds(l-methylethyl)-13-disiloxanediyl]-P-D-ribofur^ 

10 pyrrolo[2,3-d]pyrimidin-4-amine [for preparation, see J. Am. Chem. See . 105: 4059 
(1983)] (508 mg, LOO mmol) in DCM (3 mL) was added. The resulting solution was 
stirred for 2 h and then poured into ethyl acetate (10 mL), and subsequently filtered 
through silica gel using ethyl acetate as the eluent. The combined filtrates were 
evaporated in vacuo , taken up in diethyl ether/THF (1:1) (20 mL), cooled to -78*'C 

15 and methylmagnesium bromide (3M, in THF) (3.30 mL, 10 mmol).was added 

dropwise. The mixture was stirred at -78°C for 10 min, then allowed to come to room 
temperature (rt) and quenched by addition of saturated aqueous anmiomum chloride 
(10 mL) and extracted with DCM (20 mL). The organic phase was evaporated in 
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vacuo and the ciude product purified on silica gel using 5% methanol in 
dichloiomethane as eluent Fractions containing the product were pooled and 
evaporated in vacuo. The resulting oil was taken up in THF (5 mL) and 
tetrabutylanunonium fluoride (TBAF) on silica (LI mmol/g on silica) (156 mg) was 
S added The mixture was stirred at rt for 30 min, filtered, and evaporated in vacuo. 
The crude product was purified on silica gel using 10% methanol in dichloromethane 
as eluent Fractions containing the product were pooled and evaporated in vacuo to 
give the desired compound (49 mg) as a colorless solid. 



IH NMR (JDUSO-d^: 5 1.08 (s, 3H). 3.67 (m, 2H), 3.74 (m, IH), 3.83 (m. IH), 5.19 
10 (m, IH). 5.23 (m, IH), 5.48 (m, IH), 6.08 (IH, s), 6.50 (m, IH). 6.93 (bs. 2H), 7.33 
(m,lH),8.02(s,lH). 



15 4-Amino-7-f2-C-metfavl-B-D -ribofurariosvlV7H-nvrrolQr2.3w^ 



methyl-a-D-ribofuranose [for preparation, see: Helv. Chim. Acta 78: 486 (1995)] 
20 (52.4 g, 0.10 mol) in methanolic K2CO3 (500 mL, saturated at room temperature) was 
stirred at room temperature for 45 min. and then concentrated under reduced pressure. 
The oily residue was suspended in CH2CI2 (500 mL), washed with water (300 mL + 5 
X 200 mL) and brine (200 mL), dried (Na2S04), filtered, and concentrated to give the 
title conq)ound (49.0 g) as colorless oil, which was used without furth^ purification 
25 m Step B below. 



IH NMR (PMSO-d6 ): 5 3.28 (s. 3H, OCH3). 3.53 (d. 2H, 75,4 = 4.5 Hz, H-Sa, H-5b), 
3.72 (dd, IH, 73.4 = 3.6 Hz, J3.2 = 6.6 Hz. H-3), 3.99 (ddd. IH, /2.1 = 4.5 Hz, /2.OH.2 = 
9.6 Hz. H-2), 4.07 (m, IH. H-4), 4.50 (s, 2H, CftPh), 4.52, 4.60 (2d, 2H, = 13.6 



EXAMPLE 62 , 




NH2 



Step A: 



3.5-Bis-0-(2,4-dichlorophenvlmethvlVl-0»methvl-a-D-ribofuranose 
A mixture of 2-0-ace^l-3.5-bis-0-(2,4-dichlorophenyhnethyl)-l-0- 
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Hz, Cff2Ph), 4.54 (d, IH, 0H.2), 4,75 (d, IH. H-l). 7.32-7.45, 7.52-7.57 (2m, lOH, 
2Ph). 

13c NMR (DMSO-*) 5 55.40, 69.05. 69.74, 71.29, 72.02. 78.41, 81.45. 103,44, 
127.83, 127.95, 129.05, 129.28, 131.27, 131.30, 133.22, 133.26, 133,55, 133.67, 
5 135.45, 135.92. 

StepB: 3.5-Bis-0-f2,4-dichlorophenylmethvlVl-0-niethvl-a'D-grvtftro- 
pentofuranos-2-ulose 

To an ice-cold suspension of Dess-Martin periodinane (50.0 g, 118 
10 mmol) in anhydrous CH2CI2 (350 mL) under argon (Ar) was added a solution of the 
. compound from Step A (36.2 g, 75 mmol) in anhydrous CH2CI2 (200 mL) dropwise 
over 0.5 h. The reaction mixture was stirred at O^^C for 0.5 h and then at room 
tempmture for 3 days. The mixture was diluted with anhydrous Et20 (600 mL) and 
poured into an ice-<x)Id mixture of Na2S203.5H20 (180 g) in saturated aqueous 
15 NaHCOs (1400 mL). The layers were separated, and the organic layer was washed 
with saturated aqueous NaHCOa (600 mL), water (800 niL) and brine (600 mL), dried 
(MgS04), filtered and evaporated to give the title compound (34.2 g) as a colorless 
oil, which was used without further purification in Step C below. 
IH NMR (CDCI3) 5 3.50 (s, 3H. OCH3). 3.79 (dd, IH, Js^y, = 11.3 Hz, Js^a = 3.5 Hz, 
20 H-5a), 3.94 (dd, IH, J5b.4 = 2.3 Hz, H-5b), 4.20 (dd, IH, J3.1 = 13 Hz, /3.4 = 8.4 Hz, 
H-3), 4.37 (ddd, IH, H-4), 4.58, 4.69 (2d, 2H, Jgcm = 13.0 Hz, CH2?h\ 4.87 (d, IH, 
H-1), 4.78, 5.03 (2d, 2H, Jgem = 12.5 Hz, Cff2Ph), 7.19-7.26, 7.31-7.42 (2m, lOH, 
2Ph). 

13c NMR (PMSO-de) 6 55.72, 69.41, 69.81, 69.98, 77.49, 78.00, 98.54. 127.99, 
25 128.06, 129.33, 129.38, 131.36, 131.72, 133.61, 133.63, 133.85, 133.97, 134.72, 
135.32,208.21. 

Step C: 3.5'Bis-Q'(2.4-dichlorophenvhnethvlV2-C-methvl-l-Q-methvl-c&-D- 
ribofuranose 

30 To a solution of MeMgBr in anhydrous Et20 (0.48 M, 300 mL) at 

-55 was added dropwise a solution of the compound from Step B (17.40 g, 36.2 
mmol) in anhydrous Et20 (125 mL). The reaction mixture was allowed to warm to 
-30°C and stirred for 7 h at -30''C to -15*'C, then poured into ice-cold water (500 nxL) 
and the noixtuie vigorously stirred at room temperature for 0.5 h. The mixture was 

35 filtered through a Celite pad (10 x 5 cm) which was thoroughly washed with Et20. 
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The organic layer was dried (MgS04), filtered and concentrated The residue was 
dissolved in hexanes (-30 mL), applied onto a silica gel column (10 x 7 cm, 
prepacked in hexanes) and eluted with hexanes and hexanes/EtOAc (9/1) to give the 
title compound (16.7 g) as a colorless syrup. 
5 IH NMR (CDCI3): 6 136 (d. 3H. /mcoh = 0.9 Hz. 2C-Me), 3.33 (q, IH. OH), 3.41 (d, 
IH, /3,4 = 33 Hz), 3,46 (s, 3H, OCH3), 3.66 (d, 2H, 75,4 = 3.7 Hz, H-Sa, H-5b), 4.18 
(apparent q, IH, H-4), 4.52 (s, IH, H-1), 4.60 (s, 2H, CJ^zPh), 4.63, 4.81 (2d, 2H, /g„ 
= 13.2 Hz, Ci/2Ph), 7.19-7.26, 7,34-7.43 (2m, lOH, 2Ph). 

13c NMR (CDCI3): 6 24.88, 55.45, 69.95, 70.24, 70.88, 77.06, 82.18, 83.01, 107.63, 
10 127.32, 129.36, 130.01, 130.32, 133.68. 133.78, 134.13, 134.18, 134.45, 134.58. 

StepD: 4^hloio-743 J-bis-0-(2.4KlichlorophenvlmethvlV2-C-methvl>^ 
ribofiMranosvIl-7H-pvriDlor2.3-Jlpvrimidine 
To a solution of the compound from Step C (9.42 g, 19 mmol) in 

15 anhydrous dichloromethane (285 mL) at O^^C was added HBr (5.7 M in acetic acid, 20 
mL, 1 14 mmol) dropwise. The resulting solution was stiired at 0**C for 1 h and then 
at room temperature for 3h, Evaporated in vacuo and co-evaporated with anhydrous 
toluene (3 x 40 mL). The oily residue was dissolved in anhydrous acetonitrile (50 
mL) and added to a solution of sodium salt of 4-chloro-l/?-pynx)lo[2,3-d]pyrimidine 

20 [for preparation, see J. Chem. Soc. . 13 1 (I960)] in acetonitrile [generated in situ from 
4-chloro-lfl-pyrrolo[2,3-d]pyiimidine (8.76 g, 57 mmol) in anhydrous acetonitrile 
(1000 mL), and NaH (60% in mineral oil, 2.28 g, 57 nunol). after 4 h of vigorous 
stirring at room temperature]. The combined mixture was stirred at room temqperatuie 
for 24 h, and then evaporated to dryness. The residue was suspended in water (250 

25 mL) and extracted with EtOAc (2 x 500 mL). The combined extracts were washed 
with brine (300 mL), dried over Na2S04, filtered and evaporated. The crude product 
was purified on a silica gel column (10 cm x 10 cm) using ethyl acetate/hexane (1:3 
and 1:2) as the eluent Fractions containing the product were combined and 
evaporated in vacuo to give the desired product (5.05 g) as a colorless foam. 

30 ^H NMR (CDCI3): 5 0.93 (s, 3H, CH3), 3.09 (s. IH. OH), 3.78 (dd, IH, Jy^^ = 10.9 
Hz, /5',4 = 2.5 Hz, H-50, 3.99 (dd, IH, 75-.4 = 2.2 Hz, H-5'0, 4.23^.34 (m, 2H, H-3\ 
H^'), 4.63. 4.70 (2d, 2H, = 12.7 Hz, C^f2Ph), 4.71, 4.80 (2d, 2H, /gem = 12.1 
Hz,Cfl2Ph), 6.54 (d, IH, , 75.6 = 3.8 Hz, H-5), 7.23-7.44* (m, lOH, 2Ph). 
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"C NMR (CDCh): 5 21.31, 69.10, 70.41, 70.77, 79.56. 80.41, 81.05, 91.11, 100.57, 
118.21, 127.04, 127.46, 127.57, 129.73, 129.77, 130.57, 13Q.99, 133.51, 133.99, 
134.33,134.38,134.74,135.21,151.07,151.15152.47. 

5 StepE: 4-CMoro-7-f 2-C--me1favl-S-D-ribofi^ 
rflpvrimidine 

To a solution of the compound from Step D (5.42 g, 8.8 mmol) in 
dichloromethane (175 mL) at -78'^C was added boron trichloride (IM in 
dichloromethane, 88 mL, 88 mmol) dropwise. The mixture was stkred at -78**C for 

10 2.5 h, then at -30°C to -20°C for 3 h. The reaction was quenched by addition of 
methanol/dichloromethane (1 : 1) (90 mL) and the resulting mixture stiired at -15*'C 
for 30 min., then neutralized witt aqueous ammonia at O^C and stiired at room 
temperature for 15 min. The solid was filtered and washed with CHizCIa/MeOH (1/1, 
250 mL). The combined filtrate was evaporated, and the residue was purified by flash 

15 chromatography over silica gel using CH2CI2 and CH2Cl2:MeOH (99:1, 98:2, 95:5 
and 90: 10) gradient as the eAient to furnish desired compound (L73 g) as a colorless 
foam, which turned into an simorphous solid after treatment with MeCN. 
IH NMR (DMSO^) 5 0.64 (s, 3H, CH3), 3.61-3.71 (m, IH, H-S'), 3.79-3.88 (m, IH, 
H-5"), 3.89-4.01 (m, 2H, H-3\ H-4'), 5.15-5.23 (m, 3H, 2*-OH, 3'-OH, 5'-OH), 6.24 

20 (s, IH, H-D, 6.72 (d, IH. /5.6 = 3.8 Hz, H-5), 8.13 (d, IH, H-6), 8.65 (s, IH, H-2). 
13c NMR (DMSO-^fe) 5 20.20, 59.95, 72.29, 79.37, 83.16, 91.53, 100.17, 117.63, 
128.86, 151.13, 151.19, 151.45. 

StepF: 4-AniinO"7-(2-C-methvl-p-I>ribofuranosvlWH-pvrrolor2>3- 

25 dlpvrimidine 

To the compound from Step E (1 .54 g, 5. 1 mmol) was added 
methanolic ammonia (saturated at 0**C; 150 mL). The mixture was heated in a 
stainless steel autoclave at 85°C for 14 h, then cooled and evaporated in vacuo. The 
crude mixture was purified on a silica gel column with CH2Cl2/MeOH (9/1) as eluent 

30 to give the title compound as a colorless foam (0.8 g), which separated as an 

amorphous solid after treatment with MeCN. The amorphous solid was recrystallized 
from methanol/acetonitrile; m.p. 222*'C. 

IH NMR (DMSO-*): 5 0,62 (s, 3H, CH3), 3.57-3.67 (m, IH, H-5*). 3.75-3.97 (m, 
3H, H-5". H-4% H-30, 5.00 (s, IH. 2'-0H), 5.04 (d, IH, /3W = 6.8 Hz, 3'-OH). 
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5.06 a IH, Js^oHjs'jsr = 5.1 Hz, 5'^H). 6.1 1 (s, IH. H-D, 6.54 (d, IH, Jsjs = 3.6 Hz. 
H.5X 6.97 (br s, 2H. NH2), 7.44 (d, IH, H-6), 8.02 (s, IH, H-2). 
13c NMR (DMSO-dij): 5 20.26, 60.42, 72.72, 79.30, 82.75, 91.20, 100.13, 103.08. 
121.96, 150.37. 152.33, 158.15. 
5 LC-MS: Found: 279.10 (M-H+); calc. for C12H16N4O4+H+: 279.11. 

EXAMPLE 63 

4-Aminc>>7-f3Kieoxv>3-methvl-B- D-ribofuranosvlV^ 
10 carboxamide 




Me bH 



Step A: 4-Amino-^ bromcH7-f2-0-aceWl-5-0»benzovl>3-deoxv-3-methvl^ 
ribofuranosvlV7g-pvm)lor2,3-rflpvrimidin-S-ca^ 
BS A (0.29 idL, 2.0 nunol) was added into a stined suspension of 4- 

15 amino-6-bronio-5<yano-lH-pyrrolo[23-d]pyiiimdi^^ (0.24 g, 1 mmol; piepaied 
according to Nucleic Acid Chemistry, Part IV, Townsend, L. iB. and Tipson, R. S.; 
Ed.; Wiley-Interscience: New York, 1991, pp. 16-17 and Synthetic Commun. 1998, 
28, 3835) in dry acetonitrile (10 mL) at room tempeiatuie under argon. After 15 min, 
l,2-di-0-acetyl.5-0-benzoyl-3.deoxyO-niethyI-D.ribofiiranose (J. Med. Chem. 

20 (1976), 19, 1265) (0.36 g, 1.0 nunol) was added along with TMSOTf (0.54 g, 3 
mmol). The mixture was stirred at room temperature for 5 min and then at 80^C for 
0.5 h. ihe solution was cooled, diluted with ethyl acetate (50 mL) and pouted into 
ice-cold saturated aqueous NaHCOs (15 mL). The layers were separated. The organic 
layer was washed with brine (15 mL), dried QHz^SO^ and then evaporated. The 

25 residue was purified on silica gel column using a solvent system of hexanes/ EtOAc: 
3/1 . Appropriate fractions were collected and evaporated to provide the title 
compound as colorless foam (0.21 g). 
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StepB: 4->ADMno>7-f2>0-acf>tYl-5-0-benzovl-3-deQxv-3->methvKB--D- 

ribofuranosvlV7g-pviTQlor23^pvriini 

To a suspension of the tide conqwund jBrom Step A (183 mg, 0.35 
mmol) in EtOH (9 mL) were added ammonium formate (0.23 g, 3.6 mmol) and 10% 
5 paUadium on activated carbon (20 mg) and the mixture was heated at reflux for 1.5 h. 
The hot reaction mixture was filtered through Celite and washed with hot EtOR The 
solvent was removed and the residue treated with MeOH. The pale yellow solid was 
filtered thus yielding 105 mg of pure tifle compound. The filtrate was evaporated and 
purified on a silica gel column with a solvent system of CHaCla/MeOH: 50/1 to afford 
10 an additional 63 mg of title compound as a white solid. 

Step C: 4-Amino-7-f3-d^xv-3-methvl-P-D-ribofuranosvlV 
7g-pvrrolor2.3'^pvriinidin-5>-carfaoxamide 
A mixture of the compound from Step B (51 mg, 0.12 mmol), 

15 ethanolic anunonia (5 mL, saturated at 0 ^C), aqueous anmaonia (5 mL, 30%) and 
aqueous hydrogen peroxide ^1 mL, 35%) was stirted room temperature for 8 h. The 
solution was evaporated and-the residue purified on silica gel column with a solvent 
system of CH2Cl2/MeOH: 10/1 to give the tide compound as a white solid (28 mg). 
^H-MNR (CD3OD): 5 1.12 (d, 3H, /= 6.8 Hz), 2.40 (m, IH), 3,76( dd, IH, /; = 12.8 

20 Hz, J2 = 4.0 Hz), 3.94-4,04 (m. 2H), 4.33 (d, IH, J = 5.4 Hz), 6.13 (s, IH). 8.11 (s. 
1H),8.16(S,1H). 



EXAMPLE 64 

25 4-Amino-7* (3-deoxv-B-D-ribofmanosvlV7jE^pvnolor2.3-^pvrimidine-^ 

H2NOC NH2 




This compound was prepared following the procedures described in /. 
Med.Chem. 26: 25 (1983). 
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EXAMPLE 65 

4-Aminn-7.fP-Ty.ril >of^llmowlV7f^pvntllo^2J-dlpvrim^din 
S (Saneivamvcin) 

H2NOC NH2 




h6 hn 



This compound was obtained finom commercial souicra. 



EXAMPLE 66 

10 ! 

7-f2-0-methvl-B-D-ribofara nosvlV7g-pvrrolor2.3-Jlp vriiTiidin^ 

H<3 t)MG 

This compound was prepared following the procedures described in /. 
Org. Chem. 39: 1891 (1974). 

15 

EXAMPLE 67 

4-Amino-7-f3-deoxv-3-fluoro.B-D. ribofuranosvlV7g-pviiolor2.3-<flDvrimidine-5- 
carboxamjd^ 
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HoNOC NH2 




F OH 

This compound was prepared foUowing the procedures described in 
Chem. Phamu Bull. 41: 775 (1993). 

EXAMPLE 68 

4-Amino-7-(3-deoxv-B-D-ribofurano svlV7g-Dvrro lor2,:^-<f|pYrimi dine-5-^ 

NC NH2 




OH 

Hiis con^KNind was prepared foUowing the procedures described in /. 
10 Med. Chem. 30: 481 (1987). 

EXAMPLE 69 

4-Aminf>-7-(2-Q-methvl-B .D-ribofuranosvlV7g-Dvrrolor23-<flDvri^ 

NHg 




15 HO OMe 



-icy7- 
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This conqwund was prepared following the procedures described in J. 
Org. Chem. 39: 1891 (1974). 

EXAMPLE 70 

5 

3'-Amin(v:^'-deoxv-2'-Q-methvladenosine 



,0 i^'^tr 



HgN OMe 

This compound is obtained by the methylation of appropriately 
protected 3'-ainino-3'-deoxy9denosine derivative (Example 54). 
10 I 

EXAMPLE 71 

4-Aminn-7-r:^-de oxv-B-D-ribofiiranosvlV7g-pvrn)lor2,3-rflpVrimidine 




'OH 

IS This conqiound was prepared following the foUowing procedure 

described in Can. J. Chem. 55: 1251 (1977). 

EXAMPLE 72 

20 General process to SATE prodrug moiety 
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S-Acyl-2-Thioethyl (SATE) pronucleotides are discussed in C.R. 
Wagner, V. V. Iyer, and E J. Mclntee, ^Tronucleotides: Toward the In Vivo Delivery 
of Antiviral and Anticancer Nucleotides," Med. Res. Rev ., 20: 1-35 (2000). which is . 
incorporated by reference herein in its entirety. SATE derivatives of nucleosides are 
5 also disclosed U.S. Patent Nos. 5,770,725; 5,849,905; and 6,020,482, the contents of 
each of which are incorporated by reference herein in their entirety. 

Bis(.y>acetyl-2-tiuoethvlViS^.j\^diisopropvlphosphoramidite: 

2-Mercaptoetiianol (5 g. 64 mmol) was dissolved in CH2CI2 (50 mL). 

10 To this solution was added trietiiylamine (7.67 mL, 57.6 mmol), and the reaction 

mixture was cooled in an ice bath to 0 ®C. Acetic anhydride (4.54 mL, 48 mmol) was 
added dropwise in 10 min, and the reaction mixture was stirred for 1 h at 0 **C. Hie 
reaction mixture was then allowed to come to room temperature over a paiod of 2 h. 
The reaction mixture was diluted witii CH2CI2 (50 mL), washed with water (75 mL), 

15 5% aqueous NaHCOj (75 mL) and brine (75 mL). The organic phase was dried over 
anhydrous NaaSO^ and concentrated in vacuo to give an oil. The oil was then 
dissolved in anhydrous THF;(40 mL) and anhydrous trietiiylamine (7.76 mL) was. 
added. To this mixture was added activated molecular sieves (4A) and was kept at 
room temperature for 10 min. The reaction mixture was cooled in an ice bath to 0**C 

20 and diisopropylphosphoramidous dichloride (6.47 g, 32.03 nmiol) was added. The 
reaction mixture was stirred at 0 ®C for 2 h under mert atmosphere. Hexane (40 mL) 
was added to the reaction mixture and the precipitate formed was filtered. The filtrate 
was concentrated to one fourth of tiie volume, purified by loaded silica gel colunm 
chromatography and eluted with hexane containing 3 % triethylanune and incremental 

25 amount of etiiyl acetate (0 to 7 %) to give the title compound as an oil (2.36 g). 

NMR (CDCI3): 51.17 (s, 6H), 1.21 (s, 6H), 2.36 (s, 6H), 3.14 (t, J= 6.44 Hz), 
3.51-3.84 (m, 6H); ^^C NMR (CDCI3): 5 24.47, 24.61, 30.48, 42.85, 43.1, 61.88, 
62.23, 195.26; NMR (CDCI3): 5 146.96. 

30 EXAMPLE 73 

2^0-Meflivlguanosine«5'>n)is-fiy-acetvl-2-thioetfivnphospha^^ 
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{Step A; A^(4-mono methoxvtritvlV2'-0-nii5lhvlpianosine-5^rbis-f^-acety1-9^ 
thioethyDphosphatel 

iV^'(4-monomethoxytrityl)-2*-0-methylguanosine (0.74 g, 1.31 mmol) 
5 was mixed with IH-tetrazoIe (0.061 g, 0.87 mmol) and dried over P2O5 in vacuo 
overnight To this mixture was added anhydrous acetonitrile (8 mL). To the tuibid 
solution, his(iS-acetyl-2-thioethyl)Ar,AWiisopnq)ylphosphoramidite (03 g, 0.87 mmol) 
was added slowly and the reaction mixture was stirred at ambient temperature under 
inert atmosphere for 2 h. Solvent was removed in vacuo. The residue was cooled to - 

10 40'*C and a solution of S-ch^oropejbenzoic acid (0.2 g) in CH2a2 (7 mL) was added. 
The solution was allowed to-warm up to room temperature over 1 h. Sodium 
hydrogensulfite (10% aqueous solution, 2 mL) was added to reduce the excess of 3- 
chloropeittenzoic acid. The organic phase separated, diluted with CH2CI2 (20 mL), 
washed with saturated aqueous Na2Cb3 (10 mL), water (10 mL), dried over Na2S04 

15 and evaporated to dryness. The residue was purified by silica gel column 

chromatography and eluted with CH2CI2 containing incremental amount of MeOH (5 
to 10 %) as eluent to yield the title compound (0.36 g) as a foam. 
'H NMR 0MSO-d6): 6 2.35 (s, 6H). 2.97 (s, 3H), 3.11 (t, 4H, 7= 6.0 Hz), 3.5 (m, 1 
H), 3.74 (s. 3H). 3.72-3.83 (m, 2H), 3.97-4.11 (m, 6H), 5.1 (d, IH, 7= 6.4 Hz), 5.29 

20 (d. IH. /= 3.1 Hz). 6.89 (d, 2H. 7= 8.8 Hz), 7.15-7.37 (m. 12H), 7.68 (s, IH). 7.73 
(s, IH), 10.72 (s, IH); "C NMR (CDCI3): 5 30.36, 55.38, 57.99. 66.08, 66.19, 67.22. 
69.15, 70.49, 81.18. 81.57, 86.64, 113.04. 117.99, 126.66, 127.71, 128.67, 130.04, 
136.09. 136.56. 144.51. 144.82, 149.52, 151.29. 158.15, 194.56; NMR (CDCI3): 6 
-2.04; MS (API-ES) 852.10 [M-H]*. 

25 

StepB: 2'-C>-methvlguanosine-5'-rbis-f.y-acetyl-2-thioethvl')phosphatel 

A^(4-monomeaioxytrityl)-2'-a-methylguanosine-5'-[bis-(5-acetyl-2- 
flrioethyl)i*osphate] (0.2 g, 0.23 mmol) was dissolved in acetic acid : MeOH : H20, 3 
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: 6 : 1 and heated at 55 °C for 24 h. Solvent was removed and the residue was purified 
by HPLC on reverse phase column (Hamilton PRP-1, 250 x 22 mm, A= Acetonitrile, 
B = H2O 20 to 100 B in 65 min, flow 10 mL min Fractions containing the product 
were pooled together and evaporated to give the title compound (40 % yield). 
5 ^^P NMR (CDCI3): 6 -0.72; MS (API-ES) m/z 582.1 [M+H]'*. 

EXAMPLE 74 

2'-0-MethYlguanosine-5*-rbis-f.S:-pivalovl-2-thioethvl)phosphatel 



O 



10 




Step A: Bisfiy>Divalovl-2-thioethviVJV:JV.^isQpropvlphQsp hQramMi 

5-pivaloyl-2-thioethanol (6.3 g, 39.6 mmol) was dissolved in 
anhydrous THF (100 mL). To this solution was added activated molecular sieves 
(4A*^ and kept at room temperature for 30 min. Anhydrous triethylamine (7.9 mL, 

15 59.4 mmol) was added and the reaction mixture was cooled in an ice. bath to 0 °C. To 
this mixture diisopropylphosphoramidous dichloride (4 g, 19.8 mmol) was added 
dropwise. Hie mixture was stirred the reaction mixture at 0°C for 2 h under inert gas 
atmosphere. Hexane (100 mL) was added to the reaction mixture, and the precipitate 
formed was filtered. The filtrate was concentrated to one fourth of the volume. This 

20 was purified by flash silica gel colunm chromatography using hexane containing 2% 
triethylamine and incremental amount of ethyl acetate (0 to 3 %) as eluent to give the 
title compound as an oil (5.23 g). 

^HNMR (CDCI3): 5 1.13-1.31 (m, 30 H), 1.21 (s, 6H),.3.09 (t, /= 6.6 Hz. 4H), 3.51- 
.3.84 (m, 6H); "C NMR (CDCI3): 5 24.47, 24.61, 27.32. 30.00. 42.85. 43.1, 46.32, 
25 61.98, 6233, 206.1; NMR (CDCI3): 5 148.51. 

Step B: 2'-0->methvlguanosine>5^>fbis-f5'-pivalovl.2-thioethvnphosphatfi1 
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iV^-(4-monomethoxytrityl)-2'-0-methylguanosine (0.6 g, 1.05 mmol) 
was mixed with IH-tetrazoIe (O.OS g, 0.7 mmol) and dried over V2O5 in vacuo 
overnight. To this mixture anhydrous acetonitrile (13.8 mL) was added. The reaction 
mixture was cooled to O'^C in an ice bath and bis(5-pivaloyl-2-thioethyl)W;Ar- 
5 diisopropylphosphoramidite (0.32g, 0.7 mmol) was added slowly. The reaction 
mixture was stirred at O^C for 5 minutes. The ice bath was removed and the reaction 
mixture was allowed to stir at room temperature under an inert atmosphere for 2 h. 
Solvent was removed in vacuo. The residue was cooled to -40 °C and a solution of 3- 
chloroperbenzoic acid (0.24 g. 1.4 mmol. 57-80 %) in CH2CI2 (10 mL) was added. 

10 The solution was allowed to warm up to -10*^C over 1 h. Sodium hydrogensulfite 

(10% aqueous solution, 10 mL) was added to reduce the excess of 3-chloioperbenzoic 
acid. The organic phase separated, diluted with CH2CI2 (SO mL), washed with 
saturated aqueous Na2C03 (40 mL), water (40 mL), dried over Na2S04 and 
evaporated to dryness. The residue was chromatographed on a flash silica gel column 

15 using a CH2CI2 containing incremental amoimt of MeOH(0 to 5%) as eluent 

Fractions containing the product were pooled together and evaporated. The residue 
was dissolved in a solution of acetic acid/water/ medianol (10 mL, 3 : 1 : 6) and 
heated at 55 for 24 h. Evaporated the solution in vacuum to get an oil. The oil was 
dissolved in 20% MeOH in water and purified by HPLC on C-18 column (Luna C-18, 

20 250 X 2.12 mm, A = water, B = acetonitrile, 20 to 10 % B in 65 min., flow 10 mL 
imn\ X 260 nm) to yield the title compound (0.082 g). 

NMR (DMSO-*): 5 1.18 (s, 18H), 3.08 (m, 4H), 3.33 (s, 3H) 3.94-4.10 (m, 6 H), 
4.14-4.21 (m,2H),4.29 (m, iH).5.42(d, lH,/=5.4Hz),5.81 (d, lH, 7=5.8 Hz), 
6.49 (bs, 2H), 7.86 (s, IH), 10.66 (bs, IH); NMR ( DMSO^): 5 -0.71; MS (API- 

25. ES)m/z 664.2 [M-H]-' 

EXAMPLE 75 

8-Bromo-2'-0-methvlguanosine-5'-rbis-f.S-pivalovl-2-thioethvnphosphate1 
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This compound was synthesized according to the procedure used for 
the synthesis of Example 74 starting with 8-bn)mo-iV^-(4-monomethoxytrityl>2'-0- 
methylguanosine (0.46 g, 0.63mmol). Other reagents used were IH-tetrazole (0.034 g, 

5 0.49 mmol), bis(5-pivaIoyl-2-tWoethyl)iV,iSr-^sopropyl^^^ (0.22 g, 0.49 

mmol), acetonitrile (8.3 ml), 3-chloropeibenzoic acid (0.17 g, 0.98 mmol, 57-80 %) in 
CH2CI2 (4 mL). The title compound was isolated in 13 % yield (0.061 g). 
^HNMR pMSO-45): 5 1.14 and 1.16 (m, 18H), 3.06 (m, 4H), 3.32 (s, 3H) 3.96-4.06 
(m, 5H), 4.18-4.3 (m, 2H), 4.46 (d, IH, J= 2.4 Hz), 4.66 (t, IH, /= 2.6 Hz), 5.37 (d, 

10 IH, / = 2.6 Hz), 5.78 (d, IH; / = 2.8 Hz), 6.62 (bs, 2H), 10.99 (bs, IH); ^¥ NMR 
(DMSO-d^y) 5 -0.79; MS (API-ES) m/z 742.13 and 744.13 [M-H]'. 



15 2-Amino-3.4Kiihvdro-7-f2- 0-methvl-B-D-ribofaranosvlV4-oxo-7g-^ 
rf]pvrimidine-S'-rbis-f.S-pivalovl-2-thioethvnphosphatel 

O 



This compound was synthesized according to the procedure used for 
the synthesis of Example 74 starting with 7-deaza-iV^-(4-monomethoxytrityl)-2'-<3- 
20 methylguanosine (0.47 g, 0.82 mmol). Other reagents used were IH-tetrazole (0.044 



EXAMPLE 76 
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g, 0.63 nimol), bis(S-pivaloyl-2-tMoethyl)W;iV-^sopiopylphosphoi3im (0,29 g, 
0.63 mmol), acetonitrile (11 mL), 3-chlon>peibenzoic acid (0.21 g, 1.26nunol, 57-80 
%) in CH2CI2 (5.2 mL). The tide compound was isolated in 29% 3deld (0.158 g). 

NMR (DMSO^): 5 1.14 (s, 18H), 3.06 (m, 4H), 3.31 (s, 3H) 3.96^.26 (m, 9H), 
5.35 (d, IH, J= 2.6 Hz), 5.78 (d, IH, /= 5.2 Hz), 5.99 (d, IH, /= 6.6 Hz), 6.27 (m, 
3H), 6.86 (d, IH, /= 3.6 Hz), 10.39 (s, IH); ^¥ NMR (DMSO-diy): 5 -0.72; MS (API- 
ES) m/z 663.20 [M-H]-; HRMS Calcd for C26H42N4O10PS2 665.2074 found 665.2071. 

EXAMPLE 77 

3'-Deoxvm anosine-5'-n3is-fS-^valovl-2-thioethvlYphosDh^ 

O 




iV^-(4-Monomethoxytrityl)-3'-deoxyguanosine (0.20 g, 0.35 mmol) 
was mixed with IH-tetrazole (0.019 g, 0.27 nmiol) and dried over P2O5 in vacuo 

15 overnight To this mixture anhydrous acetonitrile (4.7 mL) was added to give a turbid 
solution. The reaction mixture was cooled to 0^ in an ice bath and bis(5-pivaloyl-2- 
thioethyI)A/',iV-diisopropylphosphoraimdite (0.12g, 0.27 mmol) was added slowly. The 
reaction mixture was stirred at (fC for 5 minutes. Hie ice bath was lemoved and the 
reaction mixture was allowed to come to room temperature. The reaction mixture was 

20 stirred at room temperature under an inert gas atmosphere for 2 h. Solvent was 
removed in vacuo. The residue was cooled to -40*^0 and a solution of 3- 
chloroperbenzoic acid (0.12 g, 0.7 mmol, 57-80 %) in CH2CI2 (2.2 mL) was added 
TTie solution was allowed to warm up to -10 over 1 Ji. Sodium hydrogensulfite 
(10% aqueous solution, 2 mL) was added to reduce the excess of 3-chloropeibenzoic 

25 acid. The organic phase was separated, diluted with CH2CI2 (30 mL), washed with 
saturated aqueous Na2C03 (20 mL), water (20 mL), dried over Na2S04 and 
evaporated to dryness. The residue was chromatographed on a flash silica gel column 
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using CH2CI2 containing incremental amount of MeOH (0 to 5 %) as eluent Fractions 
containing the product were pooled and evaporated. The residue was dissolved in a 
solution of acetic acid/water/ methanol (5 noL, 3 : 1: 6) and heated at 55 °C for 24 h. 
Evaporated the solution in vacuum to get an oil. The oil was dissolved in 20% MeOH 
5 in water and purified by HPLC on C-18 column (Luna C-l 8, 250 X 2.12 mm, A = 
water, B = acetonitrile, 20 to 10 % B in 65 min., flow 10 mL min'\ X 260 nm) to yield 
the title compound (0.027 g). 

NMR (DMSO-t/tf): 5 1.15 (s, 18H), 1.92-2.01 (m, IH), 2.17-2.28 (m, IH), 3.04 (t, 
4H, y = 6.2 Hz), 3.91-4.23 (m, 6 H), 4.37-4.55 (m, 2H). 5.67 (m, 2H). 6.45 (bs, 2H), 
10 7.75 (s, IH). 10.61 (s, IH); NMR (DMSO-diy): S -0.75; MS (API-ES) m/z 634.2 
[M-H]". 

EXAMPLE 78 

15 2-Aniino-7-(3-deoxv-B-D-ribofuranosvlV3.4>dihvdro-4-oxo-7H-pvrrolor^^^ 
^pvrimidine-5*-rbis-rS-pivalovl-2>thioethvl^hosphate1 



O 




2-(4-Monomethoxytrityl)amino-7-(3-deoxy-p-D-ribofiu«nosyl>7jff- 
pyirolo[2,3-d]pyrixnidin-4(3fl)-one (0.30 g, 0.52 mmol) was mixed with IH-tetiazole 

20 (0.028 g, 0.40 nmiol) and dried over P2O5 in vacuo overnight To this mixture 

anhydrous acetonitrile (7 mL) was added, and the solution was cooled to 0 in an 
ice bath. Bis(5-pivaloyl-2-thioethyl)-iV,iV-diisopropylphosphoramidite (0.18 g, 0.40 
nmiol) was added slowly. The reaction mixture was allowed to come to at room 
temperature and stirred at room temperature under an inert atmosphere for 2 h. The 

25 solvent was removed in vacuo. The residue was cooled to -40°C, arid a solution of 3- 
chloroperbenzoic acid (0.14 g, 0.8 mmol, 57-80 %) in CH2CI2 (5 mL) was added The 
solution was allowed to warm up to -10 ova* 2 h. Sodium hydrogensulfite (10 % 
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aqueous solution, 5 mL) was added to reduce the excess of 3-chloioperbaizoic add. 
Hie ciganic phase was sqvaiated. diluted with CXi^z (50 mL), washed with 
saturated aqueous NazCOs (40 mL), water (40 mL), dried over Na2S04 and 
evaporated to diyness. The residue was chiomatographed on a flash silica gel column 
5 usins CH2a2 containing incremental amount of MeOH (0 to 5 %) as eluent Fractions 
containing the product were pooled and evaporated. The residue was dissolved in a 
solution of acetic acid/watei/ methanol (10 mL, 3 : 1 : 6) and heated at 55 "C for 24 h. 
The solution was evaporated to give an oil. The oil was dissolved in 20% MeOH in 
water and purified by HPLC on C-18 column (Luna C18,250 X 2.12 mm, A = water, 
10 B = acetonitrile 20 to 10 % B in 65 mL, flow 10 mUmin, X 260 nm) to give tiie titie 
conqpound (0.053 g). 

•H NMR (DMSCMf): 5 1.16 (s, 18H), 1.91-2.01 (m, IH), 2.17-2.25 (m, IH), 3.05 (t, 
4H, /= 6.2 Hz), 3.92-4.2 (m, 6 H), 4.35 (bs, 2H), 5.56 (d, IH, 7 = 4.2 Hz), 5.86 (d, 
IH. J = 2.4 Hz), 6.24 (m, 3H), 6.77 (d, IH, / = 3.6 Hz), 10.36 (s, lED; ^ NMR 
15 (pmo-ds): 6 -0.89; HRMS (MALDI) Calcd for C25H39N4O9PS2.635.I969 found 
635.1964. ' . 

\ 

\ 
v 

EXAMPLE 79 

20 2-Amino-5-bromo-7-G-d eoxv-B-D-ribofuranosvn-3.4-dihvdro-4-oxo-7H-pviTOlor2.3- 
tf|pvrimidine-5'-rbis-f.S-pi valovl-2-thioethvnphosphate1 




2-(4-Monomethoxytrityl)amino-5-bromo-7-(3-deoxy-P-D- 
ribofuranosyl>7/f-pyrrolo[2,3-<i]pyrimidin-4(3fl)-one (0.066 g. 0.17 mmol) was 
25 mixed with imidazole tiiflate (0.017 g, 0.17 mmol) and dried over P2O5 in vacuo 
overnight To this mixture anhydrous acetonitrile (7 mL) and bis(5-pivaloyl-2- 
tWoethyl)A/'JV-diisopropylphosphoramidite (0.97 g, 0.24 mmol) were added slowly. 
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The reaction mixture was stined under an inert atmosphere for 18 h. Solvent was 
removed in vacuo. The residue was.cooled to - 40'*C and a solution of 3- 
chloroperbenzoic acid (0.059g, 0.34 mmol, 57-80 %) in CH2CI2 (2 mL) was added. 
The solution was allowed to warm up to -10 "C over 2 h. Sodium hydrogensulfite (10 
5 % aqueous solution, 5 mL) was added to reduce the excess of 3-chloroperbenzoic 
acid. The organic phase was separated, diluted with CH2CI2 (30 mL), washed witfi 
saturated aqueous NazCCb (20 mL), water (20 mL), dried over Na2S04 and 
evaporated to dryness. The residue was chromatographed on flash silica gel column 
using CH2(n2 containing incremental amount of MeOH (0 to 5 %) as eluent. Fractions 

10 containing Ae product were pooled and evaporated The residue was dissolved in a 
solution of acetic acid/watei/ methanol (3 mL, 3 : 1 : 6) and heated at 55 "C for 24 h. 
The solution was evaporated to give an oU. The oil was dissolved in 20% KfeOH in 
water and purified by HELC on C-18 column (Luna C18,250 X 2.12 mm, A = water, 
B = acetonitrile 20 to 10 % B in 65 mL, flow 10 mL min"', X 260 nm) to afford the 

15 title compound (0.036 g). 

'HNMR (DMSO-d;,): 6 1.17 (s, 18H). 1.87-2.03 (m, IH), 2.17-2.26 (m. IH), 3:05 (t, 
4H, / = 6.4 Hz), 3.92-4.2 (nij 6 H). 4.37 (bs, 2H), 5.70 (d, IH, J = 4.4 Hz), 5.85 (d, 
IH, J = 2.6 Hz), 6.36 (bs, 2H), 6.93 (s, IH), 10.51 (s, IH); NMR (DMSO-dg): 5 - 
0.89; MS (AP-ES) m/z 711.11 and 713.09 [M-H]-; HRMS (MALDD Calcd for 

20 C25H38B1N4O9PS2.713.IO74 and 715.1074 found 713.1081 and 715.102. 

EXAMPLE 80 



2'-Q-Miethvlcvtidine-5'-rbis-r 5-iMvalovl-2-thioethvl^hnsp hate^ 




iV*-(4,4'-Dimethoxytrityl)-2'-0-methylcytidine (0.49 g, 0.86 mmol) 
was mixed with IH-tetrazoIe (0.06 g, 0.86 mmol) and dried over P2O5 in vacuo 
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overnight To this mixture anhydrous acetonitrile (6 mL) and bis-(5-pivaloyI-2- 
thioethyl)-iV,A^diisopropylphosphoramidite (0.39 g, 0,86 mmol) were added at 0 ^C. 
Hie reaction mixture was allowed to come to room tempwature and stirred under an 
inert atmosphere for 1 8 h. Solvent was removed in vacuo. The residue was cooled to 
5 -40°C and a solution of 3-chIoroperbenzoic acid (0.3g, 1.72 mmol, 57-80 %) in 

CH2CI2 (5.5 mL) was added. The solution was allowed to wann up to -10°C over 2 h. 
Sodium hydrogensulfite (10 % aqueous solution, 5 mL) was added to reduce the 
excess of 3-chloroperbenzoic acid. The organic phase was separated, diluted with 
CH2a2 (30 mL), washed with saturated aqueous Na2C03 (20 mL), water (20 mL), 

10 dried over Na2S04 and evaporated to dryness. The residue was chromatographed on a 
flash silica gel column using CH2CI2 containing incremental amount of MeOH (0 to 
10 %) as eluent. Fractions containing the product were pooled and evaporated The 
residue was dissolved in a solution of acetic acid/water/ methanol (10 mL, 3:1:6) 
and heated at SS^'C for 24 h. Hie solution was evaporated to give an oil. Hie oil was 

15 dissolved in 20 % MeOH in water and purified by HPLC on C-18 column (Luna 

C18,250 X 2.12 mm, A = wiater, B = acetonitrile 20 to 10 % B in 65 ML, flow 10 mL 
min \ X 260 nm) to yield the title compound (0.076 g). 

NMR (DMSO^): 5 1.18 (s, 18H), 3.12 (t, 4H, / = 6.4 Hz), 3.39 (s, 3H), 3.69 (t, 
IH, J = 4.2 Hz), 3.93-4.3 (m. 8H), 5.29 (d, IH, / = 6.2 Hz). 5.72 (d, IH, 7 = 7.4 Hz), 

20 5.86 (d, IH, 7 = 4 Hz), 7.21 (bs, 2H), 7.58 (d, IH, 7= 7.4 Hz); NMR (CD3CN): 6 - 
0.64; MS (AP-ES) nt/z 625.69 [M+H]^; HRMS (MALDI) Calcd for 
C24H4oN30ioPS2Na 648.1785 found 648.1804. 



25 



EXAMPLE 81 

5-Bromo-2'-0-methvlcvtid ine-5*-rbis-f.S-pivalovl>2>thioeth^^ 




If w 

HO t)Me 
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Step A: 5-Bromo>3'-0-^ t,hiirYldim ethvnsilyl-2^0>methvlcvtidiM 

2'-0-MethyIcytidine (1.5 g, 5.83 mmol) was mixed vdtih imidazole 
(3.97 g, 58.32 mmol) and dried in vacuo. This mixture was dissolved in anhydrous 
DMF (4 mL) and t-butyldimethylsilyl chloride (4.41 g, 29.25 nmiol) was added and 
5 the reaction mixture was stirred for 18 h at room temperature under an inert 

atmosphere. Reaction mixture was diluted with water (100 mL) and extracted with 
ethyl acetate (2 x 60 mL). The organic phase was dried over anhydrous Na2S04 and 
evaporated. The residue was purified by silica gel column chromatography and eluted 
with ethyl acetate/hexane, 6 : 4. Fractions containing the product were pooled and 

10 evaporated. The product obtained (2.76 g) was dissolved in acetonittile (19.43 mL), 
LiBr (0.623 g, 7.18 mmol) and stirred to get a clear solution. To this ammonium cmc 
(N) nitrate (6.24 g» 1 1.37 mmol) was added and the reaction mixture was allowed to 
stir at room temperature for 3 h. Solvent was removed in vacuum. The residue 
obtained was taken in ethyl acetab (100 mL) and washed with water (80 mL). The 

15 organic phase was separated, dried over anhydrous Na2S04 and evaporated Residue 
purified by silca gel column'chromatography and eluted with 5 % MeOH in CH2CI2. 
The product obtained (2.66 g) was dissolved in 80 % acetic acid in water and heated 
at 50*^C for 6 h. The solvent was removed and the residue purified on a silica gel 
column and eluted with 5 % MeOH in CH2a2 to give the title compound (0.85 g). 

20 *H NMR (DMSO-ife): 8 0.78 (s, 6H), 0.85 (s. 9H), 3.31 (s, 3H), 3.44-3.6 (m. 2H). 
3.69-3.9 ( m. 2H). 4.24 (m, IH), 5.29 (t, IH. J = 4.4 Hz), 5.76 (d, IH. J = 3.2 Hz), 
7.06 (bs,lH), 7.88 (bs, IH), 8.39 (s, IH). 

StepB: 5-Bromo-2'-0-methvIcvtidine-5'-rbis-f.S-pivalovl-2- 

25 thioethvllphosphatel 

5-Bromo-3'-0-(t-butyldimethyl)silyl-2'-0-methylcytidine (0.093 g, 
0.21 nmiol) was mixed with IH-tetrazole (0.03 g, 0.42 mmol) and dried over P2O5 in 
vacuo overnight. To this mixture anhydrous acetonitrile (2 mL). Bis-(S-pivaloyl-2- 
tiiioethyl)-iV,iV-diisopropylphosphoramidite (0.2 g, 0.42 mmol) was added at 0 ^C. The 

30 reaction mixture was allowed to come to room temperature and stirred under an inert 
atmosphere for 4 h. Solvent was removed in vacuo. The residue was cooled to - 40 
and a solution of 3-chloroperbenzoic acid (0.072g, 0.42 mmol, 57-80 %) in CHaQa (2 
mL) was added. The solution was allowed to warm up to -10 °C over 2 h. Sodium 
hydrogensulfite (10 % aqueous solution, 2 mL) was added to reduce the excess of 3- 

35 chloroperbenzoic acid. The organic phase separated, diluted with CH2CI2 (30 mL), 
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washed with saturated aqueous NaaCOs (20 mL), water (20 mL), dried over Na2S04 
and evaporated to dryness. The residue was dissolved in TEIF (2.1 mL) and 
triethylamine tiihydrofluoride (0.17 g. 1.1 mmol). The reaction mixture was stirred at 
room temperature for 18 h. The solution was evaporated to give an oil. The oil was 
5 dissolved in ethyl acetate (30 mL) and washed with water (20 mL), 5% aqueous 

NaHCOs and brine (20 mL). The organic phase was dried over anhydrous Na2S04 and 
evaporated. The residue was dissolved in 20 % MeOH in water and purified by HPLC 
• on C-18 column (Luna C18, 250 X.2.12 mm, A = water, B = acetonitrile 20 to 10 % B 
in 65 mL, flow 10 mL min"', X 260 nm) to give the title compound (0.054 g). 
10 'HNMR (DMSO-d^): 6 1.17 (s, 18H). 3.11 (t, 4H, 7= 6.2 Hz), 3.39 (s, 3H). 3.75 (t. 
IH, 7= 4.8 Hz), 3.93-4.3 (m,8H), 5.23 (d, IH, 7=6.4 Hz), 5.8 (d, lH,7=3.8Hz), 
7.07 (bs, IH), 7.89 (s, IH) 7.94 (Jos, IH); ''P NMR (CD3CN): 5 -0.34; MS (AP-ES) 
m/z 702.00 and 704.00 [M-H]-; HRMS (MALDI) Calcd for CMH39BiN30ioPS2Na 
726.0890 and 728.0890 found 726.0893 and 728.086. 

15 

EXAMP1£82 

3'-Deoxvcvtidine-5'-rbis-(S-pivalov l-2-thioethvl'>phnsphfltel 



20 




Step A: JV*-(4.4'-dimethoxvtritvl)-3'-deoxvcvtidine 

3'-Deoxycytidine (0.8 g, 3.54 mmol) was mixed witii imidazole (2.41 
g, 35.4 mmol) and dried over P2O5 in vacuum overnight at 40°C. Tlie mixture was 
dissolved in anhydrous DMF and /-butyldimethjdsil^ chloride (2.68 g, 17.78 mmol) 
25 was added and the reaction mixture was stirred under an ar^n atmosphere for 1 8 h at 
room temperature. The reaction mixture was diluted with water (100 mL) and 
extiiacted with etiiyl acetate (2 x 75 mL). Tlie organic phase was separated, dried over 
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anhydrous Na2S04 and evaporated. The residue was purified by silica gel colunm 
chromatography and eluted with ethyl acetate/hexane (6 : 4) to yield 2',S*-bis(t- 
butyldimethylsilyl)-3'-deoxycytidine (1.27 g). Hiis was then mixed with DMAP (0.34 
g, 2.79 mmol) and dried in vacuum. This mixture was dissolved in anhydrous pyridine 
5 (8 mL) and 4,4'-dimethoxytrityI chloride (1,89 g, 5.58 mmol) was added. The reaction 
mixture was stirred at room temperature under an argon atmosphere for 18 h. Solvent 
was removed in vacuo. The residue obtained was taken in ethyl acetate (100 mL) and 
washed with 5 % NaHCOa in water (75 mL) and brine (75 ml). The organic phase was 
dried over anhydrous Na2S04 and evaporated. The residue obtained was dissolved in 

10 TUF (28 mL). To this triethylamine trihydiofluoride (2.26 mL, 13.74 mmol) and 
triethylamme (0.95 xnL, 6.87 nunol) were added and stiired at room temperature for 
18 h. Solvent was removed and the residue dissolved in ethyl acetate (50 mL), washed 
with water (50 mL) and 5% NaHCX>3 in water (50 mL). Ihe organic phase was dried 
over anhydrous Na2S04 and evaporated. The residue obtained was purified by silica 

15 gel column chromatography and elutejd with 5 % MeOH in CH2CI2 to yield the title 
compound (0.66 g). 

'HNMR (DMSO-dtf): 6 1.66 (m, IH), 1.85 (m, IH), 3.47 (m, IH), 3.63 (m, IH), 3.71 
(s, 6H), 4.00 (bs, IH), 4.19 (m, IH), 4.96 (t, IH, J = 5.2 Hz), 5.39 (bs, IH), 5.53 (s, 
IH), 6.17 (bs, IH), 6.83 (d, 4H, /= 8.8 Hz). 7.04-7.22 (m, 9H), 7.77 (d, IH, /= 7.6 
20 Hz), 8.27 (bs, IH); MS (AP-ES) m/z 528.1 [M-H]". 

Step B: 3'>Deoxvcvtidine-5*-rbis-f5-pivdovl-2->thioethvnphosphateT 

This compound was synthesized following the similar synthetic 
procedure used for the synthesis of Example 80 starting with ^-(4,4'- 

25 dimethoxytrityl)-3'-deoxycytidine (0.3 g, 0.57 mmol). Other reagents used for the 
synthesis were IH-tetrazole (0.04 g, 0.57 nunol), acetonitrile (4 mL), bis-(S-pivaloyl- 
2-thioethyl)-iV;7V-diisopropylphosphoramidite (0.52 g, 1.14 nmiol) and 3- 
chloroperbenzoic acid (0.2g, 1.14 mmol, 57-80 %) in CH2CI2 (3.6 mL). The product 
was isolated in 22 % yield (0.073 g) after HPLC purification. 

30 *H NMR (200 MHz, DMSO-d^y): 6 1.17 (s, 18H), L84 (m, 2H), 3.11 (t, 4H. J = 6.4 
Hz), 3.93-4.31 (m, 8H), 4.39 (m, IH), 5.55 (d, IH, /='4,2 Hz), 5.67(dd, 2H,7= 7.4 
and 1.8 Hz), 7.1 (bs, 2H), 7.56 (d, IH, /= 7.4 Hz); ^¥ NMR ( CDaCN): 5 -0.71; MS 
(AP-ES) m/z 596.1 [M+H]*; HRMS (MALDI) Calcd for C23H38N309PS2Na 618.1679 
found 618.1600. 

35 
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EXAMPLE 83 

2'-Q>Methvlcvti(ane-S^rbisfisQpropYl oxvcarbQnvlQxvmethvniDh 

NH2 




5 Phosphonomethoxy nucleoside analogs are discussed in C.R. Wagner, 

V. V. Iyer, and E J. Mcfctee, •Ttonucleotides: Towaid the In Vivo Delivery of 
Antiviral and Anticancer Nucleotides." Med Res, Rev .. 20: 1-35 (2000), which is 
incorporated by reference h^in m its entirety. They are also disclosed U.S. Patent 
Nos. 5,922.695; 5,977,089; 6,043,230; and 6,069,249. tfie contents of each of which 
10 are incorporated by reference herein in their entirety. 

Step A: iso-Propvl chloromethyl carbonate 

This was prepared according to Antiviral Chemistry & Chemotherapy 

8: 557 (1997). 

StepB: 2^0-Methvlcvtidine-5^p hosphate 

This intermediate was prepared as described in r^rrofterfwn I^ff. 5 

5065 (1967). 

20 StepC: 2'-Q-Metiivlcvtidine-S'-rbis(isoprQpvloxvcarbonvlQxv 
methvDIphosphate 

2'-0-Metiiylcytidine-5'-phosphate (0.4 g, 1.19 mmol) was dried over 
P2O5 in vacuum overnight at 40 ^C. It was ttien suspended in anhydrous DMF (4 mL). 
To tiiis mixture was added diisopropyletiiylamine (0.86 mL, 4,92 mmol) and iso- 
25 propyl chloromethyl carbonate (1.56 g, 7.34 mmol). Tht mixture was heated at 50 
for 1 h. The reaction mixture was then allowed to come to room temperature. The 
reaction mixture was stirred at room temperature for 48 h and tfien filtered. The 
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filtrate was diluted with water (100 mL) and extracted with CH2CI2 (3 x 50 mL). The 
organic phase was dried over anhydrous Na2S04 and evaporated. The residue was 
dissolved in 20 % MeOH in water and purified by HPLC on C-18 column (Luna 
C18,250 X 2.12 mm, A = water, B = acetonitrile 20 to 10 % B in 65 ML, flow 10 mL 
5 min"', X 260 nm) to give the title compound (2.5 mg). 

NMR (CD3CN): 6 -3.09; MS (AP-ES) m/z 570.1 [M+H]*. 

EXAMPLE 84 



10 y-0-Methvlcvtidine-5'-rr2-decvIoxv-3-dod ecvlthiQ-l-piiopvl)Dhomhflte1 

NH2 



20 



9 ( y 

Me(CH2)„S'''Y^O'-^o'A O t^'^n 
Me(CH2)9" \_J . 



The procedure is described for similar nucleoside analogs in German 
Patent 408366 (1992) and J. Acquired Immune Defic. Syndr. 2000, 23, 227. The 
reaction of the appropriately protected 2 -O-methylcytidine with (2-decyIoxy-3- 
15 dodecylthio-l-propyl)phosphate [prepared by the reaction of 2-decyloxy-3- 

dodecylthio-l-propanol with POCI3 in ether in presence of triethylamine] under ' 
refluxing conditions in a toluene-ether mixture furnishes the desired compound. 



EXAMPLE 85 
2'-0-Methv lcvtidine>5'4rgc-f3-QctadecvltMo-2-palmitov^ 
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15 




Me(CH2),4^0 °" \2/ 

This compound is synthesized by fihe reaction of 2 -O-methylcytidine- 
5 -monophosphoromorpholidate with rac-l-S-octadecyl-2-O-pahnitoyl-l-thioglyc^l 
in pyridine following the similar procedure described for AZT and ddC in /. Med 
Chem. 39: 1771 (1996). 



EXAMPLE 86 

10 Nucleoside 5'-Triphosphates 

The nucleoside 5 ' -triphosphates of the present invention were prepared 
according to the general procedures described in Cheitu Rev.lOO: 2047 (2000). 



EXAMPLES? 



Purification and Purity Analysis of Nucleoside 5'>Triphosphates 

Triphosphates were purified by anion exchange (AX) chromatography 
. using a 30 X 100 mm Mono Q column (Pharmacia) with a buffer system of 50 xsM 
Tris, pH 8. Elution gradients were typically from 40 mM NaCl to 0.8 M NaQ in two 

20 column volumes at 6.5 mL/min. Appropriate fi:actions from anion exchange 

chromatography were collected and desalted by rcyerse-phase (RP) chromatography 
using a Luna C18 250 x 21 mm column (Phenomenex) with a flow rate of 10 ml/min. 
Elution gradients were generally from 1% to 95% methanol in 14 min at a constant 
concentration of 5 mM triethylammonium acetate (TEAA). 

25 Mass spectra of the purified triphosphates were detennined using on- 

line HPLC mass spectrometry on a Hewlett-Packard (Palo Alto, CA) MSD 1 100. A 
Phenomenex Luna (C18(2)), 150 x 2 mm, plus 30 x 2 nm guard column, 3-fim 
particle size was used for RP HPLC. A 0 to 50% linear gradient (15 min) of 
acetonitrile in 20 mM TEAA (triethylammonium acetate) pH 7 was peifonned in 
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series with mass spectral detection in the negative ionization mode. Nitrogen gas and 
a pneumatic nebulizer were used to generate the electrospray. The mass range of ISO- 
POO was sampled. Molecular masses were determined using the HP Chemstation 
analysis package. 

The purity of the purified triphosphates was detemiined by analytical 
RP and AX HPIX:. RP BPIX with a Phenomonex lAma or Jup^^ 
4.6 mm), 5'\xm particle size was typically ran with a 2-70% acetonitrile gradient in 
15 mm in 100 mM TEAA, pH 7, AXHPLC wasperfannedona 1.6x5mmMono 
Q column (Pharmacia). Triphosphates were eluted with a gradient of 0 to 0.4 M 
NaCl at constant concentration of 50 mM Tris, pH 8. Purity of the triphosphates was 
generally >80%. 

EXAMPLE 88 

15 Nucleoside 5 '-Monophosphates 

Tlie nucleoside S'-monophosphates of the present invention were 
prepared according to the general procedure described in Tetrahedron Lett. 50: 5065 
(1967). 

20 EXAMPLE 89 

2-AnMno-9-fp-D-arabinofuranosylV9ig-purin-6fl/fVone 



O 




This compound was obtained from commercial sources. 

25 

EXAMPLE 90 

3'-Deoxv-3 '-methvleuanosine 
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o 




Ml 



This compound was prepared following procedures described in U.S. 
Patent No. 3,654^62 (1972). 

5 EXAMPLE 91 

2^Q-f4-(Imida2olvl-l)butvnguanosine 




10 Step A: 2'-0-r4-Qmidazolvl-l)butvn-2~amiTioadenosine 

A solution 2-aininoadenosine (736 g, 26 mmol) in dry DMP (260 mL) 
was treated portionwise with 60% NaH (3.92 g, 1000 nimol). After 1 hr., a solution 
of bromobutylimidazole (9.4 g, 286 mmol) in DMF (20ml) was added After 16 hiS., 
the solution was cone, in vacuo, partitioned between HaO/EtOAc and separated. The 

15 aqueous layer was evaporated, and the residue was chromatographed on silica gel 
(CHCla/MeOH) to afford the title nucleoside as a white solid; yield 4.2 g. 

NMR (DMS0-d5): 5 1.39 (t, 2H), 1.67 (t, 2H), 3.3-3.7 (m. 4H), 3.93 (m, 3H), 4.29 
(m, 2H), 4.40 (d, IH), 5.50 (5, IH), 5.72 (d, IH), 5.82 (bs. 2H), 6.72 (bs, 2H), 6.86 (s, 
IH), 7.08 (s, IH), 7.57 (s, IH). 7.91 (s, IH). 

20 

StepB: 2^-n-f4-frnnirifl7 .olvl.nbutvnguanosine 
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A mixture of the intennediate from Step A (3.2 g, 8 mmol) in H2O 
(200 mL), DMSO (10 mL), trisodium phosphate (10 g), and adenosine deaminase (0.3 
g) was stirred at room temperature and pH 7. The solution was filtered and and then 
evaporated. The resulting solid was crystallized from EtOAcMeOH to afford the title 
S compound as a white solid; yield 2.6 g. 

NMR (DMSO^): 5 1.39 (t, 2H), L67 (t, 2H), 3.3-3.7 (m, 4H), 3.93 (m, 3H), 4.29 
(m, 2H), 5.10 (t, IH). 5.20 (d, IH), 5.79 (d, IH). 6.50 (bs. 2H). 6.86 (s, IH). 7.08 (s. 
1H),7,57 (s, lH)7.9(s. IH). 

10 EXAMPLE 92 

2^-Deoxv-2*"fluoroguanosine 




This compound was prepared following the conditions described in 
15 ChenL Pharm. Bull 29: 1034 (1981). 

EXAMPLE 93 

2*"Deoxvgxianosine 



O 




This compound was obtained from commercial sources. 
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EXAMPLE 94 

2-Amino-7-f2-<ieoxv-2-fluoio.B-D-rihnfiii ^nosvlV7/y-pvrrolor2.3-rflov^ 
6ne 



O 




Step A: 2-Amino-4-chloro-7-(2.3.5- tri-0-iMmzvl-fl.D.arabinofuTano8vlV7W^ 
pvnDlor2.3-<fl-pvrimidine 

To a suspension of 2-amino-4-chIo^>l/^pym)lo[23-<Ipyrinlicline 
rLiebigsAnn.Chem.l: 137 (1983)] (3.03 g, 18 mmol) in anhydrous MeCN (240 mL), 

10 powdered KOH (85%; 4.2 gl 60 minol) and tris[2-(2-methoxyetlioxy)-ethyl]aniine 
(0.66 noL, 2.1 mmol) were added and the mixture was stirred at room temperature for 
10 min. nien a solution of 2,3,5-tri-0-ben2yl-D-arabinofuranosyl bromide [prepared 
fromconBsponding l-0-p-nitrob«izoate (11.43 g, 20.1 mmol) according to Seela et 
al., J. Org. Chem. (1982), 47, 226] in MeCN (10 mL) was added and stirring 

15 continued for another 40 min. Solid was filtered off, washed with NfeCN (2 x 25 mL) 
and combined filtrate ev^orated. The residue was purified on a silica gel column 
with a solvent system of hexanes/EtOAc: 7/1, 6/1 and 5/1. Two main zones were 
separated. From the more r^idly migrating zone was isolated the a anomer (0.74 g) 
and ftom the slower migrating zone the desired ^ anom«- (4.01 g). 

20 

StepB: 2-Amino-7-fB-D-arabinofuranosvlV4-chlon>-7g-pvrrolor2.3- 
rflpvrimidine 

To a solution of the conqjound from Step A (4.0 g, 7 mmol) in CH2CI2 
(150 ml) at - 78 *t was added a solution of 1.0 M BCI3 in OhClz (70 mL, 70 mmol) 
25 during 45 min. The nuxhoe was stirred at -78 *t for 3h and at -20 'C for 2.5 h. 
MeOH-CH2a2 (70 mL, 1:1) was added to the mixture. Which was then stirred at 
-20 °C for 0,5 h and neutralized with cone, aqueous NH3 at 0"C. The mixture was 
stirred at room temperature for 10 min. and tiien filtered. The solid was washed with 
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MeOH-CHaCla (70 niL, 1 : 1 ) and the combined filtrate evaporated. The residue was 
purified on a silica gel column with a solvent system of CH2a2/MeOH: 20/1 to give 
the desired nucleoside (1.18 g) as a white solid. 

5 StepC: 2>Aminn,7,[ 3,5-0-fl,13,3-tetraisopropvldisiloxane-L3-divlV6-D>> 
arabinofuranosvll-4-chloro-7g-DvnDl6f 2 ,3-/flp YriTn 
The compound from Step B (0.87 g, 2.9 mmol) and imidazole (0.43 g, 
5.8 mmol were dissolved in DMF (3.5 mL). l,3-Dichloio-l,1.33- 
tetraisopropyldisiloxane (1.0 mL) was added to the solution. The reaction mixture was 
10 stirred at room temperature for 1 h and then evaporated Tlie residue was partitioned 
between CH2CI2 (150 mL) and water (30 mL). The layers were separated. The 
organic layer was dried (Na2S04) and evaporated The residue was purified on a silica 
gel column with a solvent system of hexanes/EtOAc: 7/1 and 5/1 to give the title 
compound (1 .04 g). \ 

15 

StepD; 2-Amino-7>r2-0-acetvl-3J >Q-a.l,3.3-tetraisopropvldisiloxane-l,3- 
divlVB-D-a rabinofuranosvn-4-chloro-7H-pvrTolor23-£nDV^ 
A mixture of the compound from Step C (0.98 g, 1.8 mmol) in MeCN 

(12 mL), EtsN (0.31 mL) AC2O (0.21 mL) and DMAP (5 mg, 0.25 eq.) was stined at 
20 room temperature for 5 h and then evaporated The oily residue was dissolved in 

EtOAc (200 mL), washed with water (2 x 20 mL), dried (Na2S04) and evaporated to 

yield pure title compound (1 . 12 g). 

Step E: 2-Aniinfv7-f 2-0-acetvl-B-D-arabinofiiranosvll-4-chloro-7g- 
25 pvrrolor2,3-^p YrimidiTift 

To an ice-cold solution of the compound from Step D (0.95 g, 1.63 
mmol) in THF (10 mL) and AcOH (0.19 mL) was added dropwise 1.0 M 
tetrabutylammonium fluoride solution in THF (3.4 mL) and stined at 0 °C for 15 min. 
The solution was concentrated and the oily residue applied onto a silica gel column 
30 packed in CH2CI2 and eluted with CH2Cl2/MeOH: 50/1, 25/1 and 20/L Appropriate 
Abactions were pooled and evaporated to give the tide nucleoside (0.56 g) as a white 
solid. 



35 



StepF: 



2-Aniino-7>r2-0-acetvl0.5~di>0-ftetrahvdra-2>pvranvlVB--D- 
arabinofuranosvll-4>chloro-7H-pvrrDlor2.3-rflpvrimidine 
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To a solution of the compound from Step E (0.5 g, 1.46 mmol) in 
CH2CI2 (10 mL) and 3,4-dihydro-2-H-pyrane (0.67 mL) was added dropwise TMSI 
(30 nL» 0.2 mmol). The reaction mixture was stirred at room temperature for 1 h and 
then evaporated. The oily residue was purified on a silica gel column packed in a 
5 solvent system of hexanes/EtOAc/EtjN: 75/25/1 and eluted witii a solvent system of 
hexanes/EtOAc: 3/1. The fractions containing the product were collected and 
evaporated to give the desired compound (0.60 g). 

Step G: 2*Amino-7-r3.5-di-0- r tetrahvdro-2-Dvran vl)-B-D>aiabinQfuianosvl1-4> 
10 chloro-7/f-pvrroIor23-J]Dvrimidine 

A mixture of the compound from Step F (0.27 g, 0.53 mmol) and 
methanolic animonia (saturated at 0 10 mL) was kept ovemi^t at 0 
Evaporation of the solvent yielded the desired compound (0.25 g). 

15 StepH: 2-Amino>7-r 2-deoxv->2-fluonv3.5^-Q>/tetrahvdro-2>pvranvl^^ 
ribofuranosvH-4-chloro-7g--pvrrolor2.3-//lpvrimidine 
To a solution iof the compound from Step G (0.24 g, 0.51 mmol) in 
CH2CI2 (5 mL) and pyridine (0.8 mL) at -^Ql^C was added dietiiylaminosulfur 
trifluoride (DAST; 0.27 mL) dropwise under Ar. The solution was stirred at -60 for 
20 0.5 h, at 0 ^'C overnight and at room temperature for 3h. The mixture was diluted with 
CH2CI2 (25 mL) and poured into saturated aqueous NaHCOa (15 mL). The organic 
laya: was washed witii water (10 mL), dried (Na2S04) and evaporated. The residue 
was purified on a silica gel column with a solvent system of hexanes/EtOAc: 5/1 to 
give the title compound (45 mg) as a pale yellow foam. 

25 

Step I: 2-Aniino-7-f2-deoxv-2-fluoro-B-D-ribofiiranosvlV4-chloro-7H- 
PVrrolof2.3-<f]--py riniiflinft 

A solution of the compound from Step H (40 mg. 0.08 mmol) in EtOH 
(2 mL) was stirred with pyridinium p-toluenesulfonate (40 mg, 0.16 mmol) at 60 ""C 
30 for 3 h. The mixture was then evaporated and the residue purified on a silica gel 
colunm with a solvent system of hexanes/EtOAc: 1/1 and 1/2 to give tiie desired 
compound (24 mg). 
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Step J: 



2>Aniino-7-(2-^xv>2-nuon>-B-D-ribQfuranosvlV7g>pvnolQr^^^ 
rflpvrimidin-4f3fll-Qne 
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A mixture of the compound from Step I (4 mg, 0.08 mmol) in 2N 
aqueous NaOH (1.2 mL) was stirred at reflux temperature for 1.5 h. The solution was 
cooled in an ice-bath, neutralized witii 2 N aqueous HQ and evaporated to dryness. 
The residue was suspended in MeOH, mixed with silica gel and evaporated. The solid 
5 residue was placed onto a silica gel column (packed in a solvent system of 

CH2Cl2/MeOH: 10/1) which was eluted with a solvent system of CH2a2^NfeOH: 
10/1 . The ftactions containing the product were collected and evaporated to dryness to 
yield the title compound (20 mg) as a white solid. 

'H NMR (CD3OD): 5 3.73, 3.88 (2dd, 2H. J= 12.4, 3.8. 2.6 Hz). 4.01 (m. IH). 4.47 
10 (ddd. 1H7= 16.5. 6.6 Hz), 5.14 (ddd, IH, 7= 5.3 , 4.7 Hz), 6.19 (dd. IH, 7= 17.8. 
3.0 Hz), 6.39 (d. IH, 7= 3.6 Hz), 6.95 (d, IH). 
'•f NMR (CD3OD): 6 -206.53 ( dt). 



EXAMPLE 95 

15 



2-Amino-7-fB-D-ribofiir TOOSvlV7g-pvfrolol^.3-rflpvriniHin-4( ^»^ 




NH 

This compound was prepared foUowing the procedures described in /. 
Chem. Soc. Perkin Trans. 1, 2375 (1989). 

20 

EXAMPLE 96 



2-Amino-7-f2-deoxv-B-D-ribofiiranosvl V7g-pviTo1or2.3-dlDvrimidin-4r3/n-one 
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HO 

This compound was prepared following fee procedures in Tetrahedron 
Lett. 28: 5107 (1987). 

5 EXAMPLE 97 

6-Aimno-l-(2-0-methvl- B-D-ribofuranosvlVlf^iiTddazor4.5-dDvridin-^^ 

Hd hue 

This compound was prepared in a manner similar to fee preparation of 
10 2-amino-7K3-deoxy-3-fluo^o-p-D-ribofu^anosyl)-7/^py^x)lo[23wi]py^ 
one (Example 23). 

EXAMPLE 98 

15 6-Amino-l-f 2-^ieoxv-B-D-tibofiiranosvlVlg-imida2or4.5-clDvridin-4fSfn-on 
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O 

h6 

This conqKMmd was prepared following the procedures described in /. 
Med. Chem. 26: 286 (1983). 

EXAMPLE 9Q 

6-Aniino-l-(3-deoxv-3-methvl-B-D-tihofii TanosvlVlg-iniidazor4.5-g1pviidin-^^^ 
one . 




Me OH 

^® "Kiis conq)ound was prepared in a manner similar to the preparation of 

2-amino-7-<3-deoxy-3-fluoro-P-I>-ribofuranosyl)-7H-pytroIo[23-d]pyriinidm 
one (Exanq>le 23). 

EXAMPLE ion 

15 

6-Amino-1-(?,-Klpmv-2-fluoro-B-D -ribofuranosv1VlH-imidazor4.5w:lPTOdin-^^ 
one 
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H(5 F 

.This coisqpound was ptq)aied in a maimo' similar to the preparation, of 
2-amino-7-(3-deoxy-3-fluQro-p-D-ribofuranosylHifi^pym)lo[2^ 
one (Example 23). 

5 

EXAMPLE 101 

6-Aminn-l -(P-D-a rabinofuranosvlVl g-innidfl7or4.5-c1pvridin-4(5g>-one 

Q 




Ha 



10 A preparation of this compound is given in Eur. PaL Apphi. 43722 Al 

(1982). 

EXAMPLE 102 
15 2'-0-r2-fjV.jy- difttfiYlaTni"" oxv^ethvn-5-methvlaridine 
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HO 




Hd b 




0NEt2 



Step A: 



5'-04ert-BuMdiphenvlsavl-2*-Q-f2-hvdroxvethvlV5-methvluri^^ 
In a 2 L stainless steel, unstirred pressure reactor was added borane in 



tetrahydrofuran (1.0 M, 2.0 eq, 622 mL). In the fume hood and with manual stirring, 
5 ethylene glycol (350 mL, excess) was added cautiously at first until the evolution of 
hydrogen gas subsided 5*-0-tert-Butyldiphenylsilyl-0^-2*-anhydro-5-methyluridine 
(149 g, 0.311 mol) and sodium bicarbonate (0.074 g) were added with manual stiiring. 
The reactor was sealed and heated in an oil bath until an internal temporatuie of 160^C 
was reached and (hen maintained for 16 h (pressure < 100 psig). The reaction vessel 

10 was cooled to ambient and opened. The reaction mixture was concentrated under 
reduced pressure (10 to 1mm Hg) in a warm water bath (40-100 °C) with the more 
extreme conditions used to remove the ethylene glycol. The residue was purified by 
column chromatography (2 kg silica gel, ethyl acetate:hexanes gradient 1:1 to 4:1). 
The appropriate fractions were combined, stripped and dried to product as white crisp 

15 foam (84 g), contaminated starting material (17.4 g) and pure reusable starting 
material (20 g). TLC and NMR were consistent with 99% pure product 

NMR (DMSO-*): 5 1.05 (s, 9H), 1.45 (s, 3H), 3.5-4.1 (m. 8H), 4.25 (m, 1 H), 
4.80 (t, 1 H), 5.18 (d, 2H), 5.95 (d, 1 H). 7.35-7.75 (m, 11 H), 11.42 (s, 1 H). 

20 SteoB: y>0-r2-f2-DhthaHmidoxv)ethvll-5'-t-butvldiphenvlsilvl>5- 
methvluridine 

5*-0-tert-Butyldiphenylsilyl-2'-0-(2-hydroxyethyl)-5-methyluridine 
(20 g, 36.98 mmol) was mixed with triphenylphosphine (1 1 .63 g, 44.36 nmiol) and N- 
hydroxyphthalimide (7.24 g, 44.36 mmol). It was then dried over P2O5 under high 
25 vacuum for two days at 40°C. The reaction mixture was ilushed with argon and dry 
THF (369.8 mL) was added to get a clear solution. Diethyl azodicarboxylate (6.98 
mL, 44.36 mmol) was added dropwise to the reaction mixture. The rate of addition 
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was maintained such that resulting deep red coloration is just discharged before 
adding the next drop. After the addition was complete, the reaction was stirred for 4 
h. By that time TLC showed the completion of the reaction (ethyl acetate/hexane, 
60:40). The solvent was evirated under vacuum. Residue obtained was placed on 
5 a flash silica gel column and eluted with ethyl acetate-hexane (60:40) to give the title 
compound as a white foam (21.8.g). 

'H NMR (pmo-d,): 5 11. 32 (s. IH). 7.82 (m. 4H). 7.6-7.65 (m. 5H). 7.34-7.46 (m. 
6H). 5.90 (d. IH, J= 6Hz), 5.18 (d, 7= 5.6 Hz), 4.31 (bs, 2H), 4.25 (m. IH), 4.09 (t, 
IH, y = 5.6 Hz), 3.81-3.94 (m, 5H), 1.44 (s, 3H), 1.1 (s. 9H); "C NMR (CDQa): 8 
10 11.8, 19.40, 26.99, 62.62, 68.36, 68.56, 77.64, 83.04, 84.14, 87.50, 110^93, 123.59, 
127.86. 129.89, 132.45, 134.59. 134.89, 135.17, 150.50, 163.63, 163.97; MS [FAB] 
wi684[M-H|-. 

S^3LC: 5'-0-terf-Butvldiphenvl5rily1- y-0.r2-facetaldoximinooxvWhyn-S. 
15 methvluridine 

2'-0-[2-(2-Phtfaalimidoxy)ethyll-5'-t-butyldiphenylsUyl-5- 
metfiyluridine (10 g. 14.6 mpol) was dissolved in CH^h (146 mL) and cooled to - 
10 "C in an isopropanol-diy ice bath. To ttds methylhydrazine (1.03 mL, 14.6 mmol) 
was added dropwise. Reaction mixture was stirred at -10 °C to 0 "C for 1 h. A white 

20 precipitate formed and was filtered and washed tiioroughly witii CH2CI2 (ice cold). 
The filtiate was evaporated to dryness. Residue was dissolved in methanol (210 mL) 
and acetaldehyde (0.89 mL, 16 mmol) was added and stined at room temperature for 
12 h. Solvent was removed in vacuo and residue was purified by silica gel column 
chromatography using and etiiyl acetate/hexane (6:4) as solvent system to yield the 

25 tide compound (4.64 g). 

'HNMR (DMSO-«fe): 6 1.02 (s, 9H), 1.44 (s. 3H), 1.69 (dd, 3H, 7= 5.6 Hz). 3.66 (m, 
IH), 3.76 (m, 2H). 3.94 (m, 2H), 4.05 (s, 2H), 4.15 (m, IH). 4.22 (m, IH). 5.18 (d. 

IH. / = 6.0 Hz), 5.9 (dd. IH. /= 4.4 Hz), 7.36 (m. IH), 7.40 (m, 7H). 7.63 (m, 5H). 

II. 38 (s, IH). "C NMR (CDQa): 5 11.84. 15.05. 19.38, 26.9!7. 63.02. 68.62. 70.26, 
30 71.98, 72.14, 82.72, 84.34, 87.02, 111.07, 127.89, 130.02. 134.98. 135.13. 135.42, 

147.85. 150.51. 164.12; HRMS (FAB) Calcd for C30H39N3O7 SiNa® 604.2455. found 
604.2471. 

StepD: 5'-0-fgrt-ButvldiDhenvlsilvl -2'-0-r2-('A/^^A/^eflivlaminoQxv)etfivn-S- 
35 methvluridine 
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5'-0-rm-ButyldiphenylsiIyl-2'-0-[2-(acetddoxiininooxy)eth^^ 
methyluridine (4.5 g, 7.74 mmol) was dissolved in IM pyridinium /^•toluenesulfonate 
(PPTS) in MeOH (77.4 mL). It was then cooled to 10 ""C in an ice bath. To this 
mixture NaBHsCN (0.97 g, 15.5 mmol) was added and the mixture was stiiied at 
.5 10°C for 10 minutes. Reaction mixture was allowed to come to room temperature and 
stirred for 4h. Solvent was removed in vacuo to give an oil. Diluted the oil with ethyl 
acetate (100 mL), washed with water (75 mL), 5% NaHCOa (75 mL) and brine (75 
mL). The organic phase was dried over anhydrous Na2S04 and evaporated. Residue 
obtained was dissolved in IM PPTS in MeOH (77.4 mL), acetaldehyde (0.48 mL, 

10 8.52 nmiol) was added and stined at ambient temperature for 10 minutes. Then 
reaction mixture was cooled to 10 in an ice bath and NaBHsCN (0.97 g, 15.50 
nmiol) was added and stirred at 10 for 10 minutes. Reaction mixture was allowed 
to come to room temperature and stirred for 4 h. Solvent was removed in vacuo to get 
an oil. The oil was dissolved in ethyl acetate (100 mL), washed with water (75 mL), 

15 5% NaHCOa (75 mL) and brine (75 mL). The organic phase was dried over 

anhydrous Na2S04 and evaporated to dryness. The residue obtained was purified by 
silica gel column chromatography and eluted with CHiCh/MeOH/NEts, 94 : 5 : 1 to 
give tide compound (3.55 g) as a white foam. 

*H NMR (DMSO-^fe): 5 0.95 (t, 6H, /= 7.2 Hz), 1.03 (s, 9H), 1.43 (s. 3H), 2.58 (q, 
20 4H, J = 7.2 Hz), 3.59 (m, IH). 3.73 (m, 3H), 3.81 (m, IH), 3.88 (m, IH), 3.96 (m, 
2H), 4.23 (m, IH), 5.21 (d, IH, 7= 5.6 Hz), 5,95 (d, IH, /= 6.4 Hz), 7.43 (m, 7H), 
7.76 (m, 4H), 11.3^(s, IH); "C NMR (CDCI3): 5 11.84, 19.35, 26.97, 52.27, 63.27, 
68.81, 70.27, 72.27, 82.64. 84.47, 86.77, 111.04, 127.87, 130.01, 135.11, 135.41, 
141.32, 150.48, 164.04; HRMS (FAB), Calcd for C32H45N307SiCs® 744.2081, fomid 
25 744.2067. 

StepE: 2*-0-r2-fiV.jV-diethvlaminooxv^thvll-5-methvluridine 

A mixture of triethlyamine trihydrogenfluoride (4.39 mL, 26.81 mmol) 
and triethylamine (1.87 mL, 13.41 mmol) in THF (53.6 mL) was added to S'-O-tert- 

30 butyldiphenylsilyl-2'-0-[2-(JV,iV-Kiiethylaminooxy)ethyl];5-^^ (3.28 g, 

5.36 mmol). The reaction mixture was stined at room temperature for 18 h. Solvent 
was removed in vacuo. The residue was placed on a silica gel column and eluted 
with CH2Cl2yMeOH /NEts, 89 : 10: 1, to yield the title compound (1.49 g). 
'H NMR (DMSO-d;,): 5 0.97 (t, 6H, 7 = 7.2 Hz), 1 .75 (s, 3H), 2.58 (q, 4H, 7 = 7.2 

35 Hz), 3.55 (m, 4H), 3.66 (m, 2H), 3.83 (bs. IH), 3.95 (t, IH, 7= 5.6 Hz), 4.1 1 (q, IH, J 
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= 4.8 Hz and 5.6 Hz), 5.05 (d, IH, J= 5.6 Hz). 5.87 (d, IH. /= 6.0 Hz), 7.75 (s, IH), 
11.31 (s. IH); ''C NMR (CDCI3): 5 11.75. 12.27, 52.24. 61.31, 68.86, 70.19, 72.25, 
81.49, 85.10. 90.29, 110.60, 137.79, 150.57. 164.37; HRMS (FAB) Calcd for 
C,6H28N307® 374.1927, found 374.1919. 

EXAMPUB 103 

l-f2-C-Nfeth vl-B-D-atabinofutanosvnuracil 



O 

^ NH 



o 

6 



10 



hd "Me 

This compoulid wais prepared following tiie procedures described in 
Chem. Pharm. BuO. 35: 2605 (1987). 



15 5-Methvl-3'-deoxvcvtidine 



EXAMPLE 104 



Me 



This compound was prepared following the procedures described in Chem. 
Pharm. Bull. 30: 2223 (1982). 



20 
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BXANfPLElOS 

2-Amino-2*"0-methvladenosine 

NH2 

5 This compound was obtained fitxm commercial sources. 

EXAMPLE 106 

2*-Deoxv-2'-fluoroadenosine 

10 Hd F 

This compound was obtained from commercial sources. 

EXAMPLE 107 

IS 3'-Deoxv-3'-fluoroadenosine 
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NH2 




F OH 

This compound was prepared following the pnxedurcs descrite^ 
Nucleosides Nucleotides 10: 719 (1991). 

5 EXAMPLE 108 

3*-Deoxv->3*-methvladenQsine 

NH2 

; to 

mI bn 

This compound was prepared following the procedures described in /. 
10 Med Chem. 19: 1265 (1976). ' 

EXAMPLE 109 

2-Aimno-7-f2-deoxv-B-I>-ribofaranosvlV7g- pvm)lor23-rflBvrimi 




15 HO 



-140- 



wo 02/057425 PCT/US02/01531 



This compound was prepared following the procedines described in /. 
Am. Chem. Soc. 106: 6379 (1984). 

EXAMPLE 110 

5 

4-Aminn-7 -(B-D-arabinofintmosvlV7H-pviToIor23-<flpvriimdine 



NH 



i2 



' II 



HO 

Hiis compound is described in U.S. Patent 4,439,604, which is incraporated 
by reference herein in its en^ty. 

10 

BXAMPLElll 

4-Amino4-(3Hteoxv-3-fluoro-B-D-riboftoosvlVlH-imidazor4.5-clpvridine 




IS This compound can be prepared readily by the similar method 

described for Ae preparation of Example 24.except the nucleobase is 3-deazaadenine. 

EXAMPLE 112 

20 4-Aminn-7 -(B-D-ribofuranosvlV-7fl-pvrrolof2.3-rf1pvrimidine(tubercidin') 
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HO OH 

TTiis con^und was obtained firom commercial sources. 
EXAMPLE 113 

5 

A- Aminn-t -n-riftnT y-B-D-ribofiiranosvl VI »-inii HitTft fil , S-clDvridine 




This compound is described in Acta Crystallogr.. Sect C: CrysL 
Struct. Commun. C43: 1790 (1987). 

10 

EXAMPLE 114 

4-Amino-l-f3-deoxv-3-ni ethvl-B-D-ribofuranosvlVlg-imidazor4.5-c1pvridine 

NHa 




Me OH 
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The procedure described earlier for Example 23 is used to synthesize 
this example by reacting the appropriately substituted 3-C-methyl-sugar intermediate 
with a protected S-deazaadenine derivative. 

5 EXAMPLE 115 

4-Aniino-l-6-D-ri bofuranosvI-ljy-iimdazor4,5'Clpviidine 




Ha t)H 



This compound was obtained from commercial sources. 

10 

« 

EXAMPLE 116 
9-^2-C-Melh vl-6-D-arabinofuranosvl'teitenme 




15 This compound is prepared fixm4-aniino-9-(3,S-bis-0-teit- 

butyldimethylsUyl-P-D--eiytfaio-pentoftiran-2-ulos^^^ Med. Ch«n . 1992, 35, 

2283) by reaction with MeMgBr and deprotection as described in Example 61. 

EXAMPLE 117 

20 

4-Amino-7-^2-C-ethvl-B-D-riTv>fii ranosvlV7H-pvnolor2Jwflptfrimia^^ 
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Step A: 3.5-Bis-0>f24-dichlorophen vlmethvlV2.C-ethvl-l-Q-meA^^ 
ribofuranose 

To diethyl ether (300 mL) at -TS'^C was slowly added EtMgBr (3.0 M, 
5 16.6 mL) and then dropwise tiie compound fiom Step B of Example 62 (4.80 g, 10.0 
mmol) in anhydrous EtzO (100 mL). The reaction mixture was stined at -78 "^C for 15 
min, allowed to warm to -15^C and stirred for another 2 h, and then pomed mto a 
stirred mixture of water (300 mL) and EtzO (600 mL). The organic phase was 
separated, dried (MgS04), and evaporated in vacuo. Tht crude product was purified 
10 on silica gel using ethyl acetkte/hexane (1:2) as eluent. Fractions containing the 

product were pooled and ev^xMrated in vacuo to give the desired product (3.87 g) as a 
colorless oil. 



StepB: 4«CMoro-7-r 3J-bis-0-f2.4-dicMorophenvlmethvn-2-C-ethvl-B-D- 

15 ribofuranQs vn-7g-Pvrrolor2.3>^p vrimidine 

To a solution of the compound from Step A (1.02 mg, 2.0 mmol) in 
dichloromethane (40 mL) was added HBr (5.7 M in acetic acid) (1.75 mL, 10.0 mmol) 
dropwise at 0°C. The resulting solution was stirred at rt for 2 h, evaporated in vacuo 
and co-evaporated twice from toluene (10 mL). The oily residue was dissolved in 

20 acetonitrile (10 mL) and added to a vigorously stirred mixture of 4-chlon>-l/f- 
pyrrolo[2,3-d|pyrimidine (307 mg, 2.0 mmol), potassium hydroxide (337 mg, 6.0 
nunol) and tris[2-(2-methoxyethoxy)ethyl]amine (130 mg, 0.4 mmol) in acetonitrile 
(10 mL). The resulting mixture was stirred at room temperature overnight, and then 
poured into a stirred mixture of saturated ammonium chloride (100 mL) and ethyl 

25 acetate (100 mL). The organic layer was separated, washed with brine (100 mL), 
dried over MgS04, filtered and evaporated in vacuo. The crude product was purified 
on silica gel using ethyl acetate/hexane (1:2) as eluent to give the desired product (307 
mg) as a colorless foanL 
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StgpC: 4<:hloro-7-f2-C^hY^-^TV. nbofiiranosvIV7g.Dvrrolor2,:^- 
rflpvrimidine 

To a solution of the compound from Step B (307 mg, 0.45 mmol) in 
dichloromethane (8 mL) was added boron trichloride (IMin dichloromethane) (4.50 
5 mL, 4.50 mmol) at -78''C. The mixture was stirred at -78°C for Ih, then at -10°C for 
3h. The reaction was quenched by addition of methanol/dichloromethane (1:1) (10 
mL), stined at -15»C for 30 min, and neutralized by addition of aqueous ammonium 
hydroxide. The mixture was evaporated in vacuo and the resulting oil purified on 
silica gel using methanol/dichloromethane (1:9) as eluent. Fractions containing the 
10 product were pooled and evaporated in vacuo to give the desired product (112 mg) as 
a colorless foam. 



SteaJDl 4-Amino-7-f2-C-ethvl-fl-D-Tih nfiiranosvl^-7«.pY^ l^p,;t- 
</1Pvrimidine 

^5 To the compound from Step C (50 mg, 0. 16 mmol) was added 

satarated ammonia in methanol (4 mL). The mixture was stirred at 75''C for 72 h in a 
closed container, cooled and;ev^)orated in vacuo. The crude mixture was purified on 
silica gel using methanol/dichloromethane (1:9) as eluent. Fractions containing die 
product were pooled and evaporated in vacuo to give the desired product (29 mg) as a 

20 coloiless powder. 

IH NMR (200 MHz, DMSO-rf^: 6 0.52 (t. 3H), 1.02 (m, 2H), 4.01-3.24 (m, 6H). 
5.06 (m, IH), 6.01 (s, IH). 6.51 (d. IH), 6.95 (s br, 2H), 6.70 (d, IH). 7.99 (s. IH). 
LC-MS: Found: 295.2 (M+H+); calc. for C13H18N4O4+H+: 295.14. 

25 EXAMPLE IIR 

2-Amino-7-(2-C-methvl-B-D-ribofiirano5n^l W g-pvrrolnr?,,^-rflnvrimidin-Ar:^f^ 



O 




Hd t)H 
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Step A; 2-Amino-4-c hloro-7-r3.5.his-0-f2.4-dichlorophenvlinethvlV2-r- 
methvl-B-D-ribofiiranosvlV7g-pvniolor23-^pvriinidm 
To an ice-cold solution of product from Step C of Example 62 (1.27 g, 
2.57 mmol) in CH2CI2 (30 mL) was added HBr (5.7 M in acetic acid; 3 mL) dropwise. 
5 The reaction mixture was stirred at room tenqwratore for 2 h, concentrated in vacuo 
and co-evaporated with toluene (2 x 15 mL), The resulting oU was dissolved in 
MeCN (15 mL) and added dropwise into a well-stined mixture of 2-amino-4-chloio- 
7tf-pynolo[2,3-i/]pyrimidine [forptq>aratioh see Heterocvcles 35: 825 (1993)] (433 
mg, 2.57 mmol), KOH (85%, powdered) (0.51 g, 7.7 mmol), tris-[2-(2- 
10 methoxyethoxy)ethyl]amine (165 ]jL, 0.51 mmol) in acetonitrile (30 mL). Hie 
resulting mixture was stirred at rt for Ih, filtered and evaporated. The residue was 
purified on a silica gel column using hexanes/EtOAc, 5/1, 3/1 and 2/1 as eluent to 
give the title con^und as a colorless foam (0.65 g). 

15 StepB: 2-Amino-4rchlorD-7-f2-C-m ethvl-B-D-rihnfiiranosvlV7g-DvnDlor2.3- 
rflpvrimidine ^ 

To a solution pf the product from Step A (630 mg, 1.0 mmol) in 
CH2a2 (20 mL) at -78»C was added boron trichloride (IM in CH^aa) (10 mL» 10 
mmol). The mixture was stirred at -78"*C for 2 h, then at -20**C for 2.5 h. The reaction 
20 was quenched with CHzClj/MeOH (1:1) (10 mL), stirred at -20°C for 0.5 h, and 
neutralized at O'C with aqueous ammonia. The solid was filtered, washed wifli 
C3l2Cl2/MeOH (1:1) and the combined filtrate evaporated OTvoow. The residue was 
purified on a silica gel column with CHzCIj/MbOH, 50/1 and 20/1 as eluent to give 
the title compound as a colorless foam (250 mg). 

25 

5lBE£i 2-Amino-7-r2-C'-methvl-p- D-ribofuranf)svl'>-7Jf-pviTolor2,^- 
<flpvrimidin.4f3fA-oiie 

A noixtuie of product bom Step B (90 mg, 0.3 mmol) in aqueous 
NaOH (2N, 9 mL) was heated at reflux tenq>arature for 5 h, then neutralized at (fC 
30 with 2 N aqueous HQ and ev^orated to dryness. Purification on a silica gel column 
with CH2Cla^eOH, 5/1 as eluent afforded the title coii^und as a white solid (70 
mg). 

IH NMR (200 MHz. CD3OD): 5 0.86 (s, 3H), 3.79 (m IH), 3.90-4.05 (m. 3H), 6.06 
(s, IH), 6.42 (d, 7 = 3.7 Hz, IH), 7.05 (d, 7 = 3.7 Hz, IH). 

35 
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EXAMPLE 119 

2-Anuno^vclopronvlflmino-7-(2-r-mfft hvl-B-D-ribofaranosviV7g-p^ 
<flpvrimidine 




5 H(f bH 

A solution of 2-ammo-4-chloro-7<2-C-methyl-p-I>.ribofuranosyl>7fr 
pym)lo[23-4pyriniidine (Example 118, Step B) (21 mg, 0.07 mmol) in 
cyclopropylamine (0.5 mL) was heated at 70*C for two days, Oien evaporated to an 
oily residue and purified on k silica gel colunni with CH2a2^MeOH, 20/1, as eluent to 
10 give the tiUe compound as a^hite solid (17 mg). 

IH NMR (200 MHz, CD3CN): 5 0.61 (m, 2H), 0.81 (m. 2H), 0.85 (s. 3H), 2.83 (m. 
IH), 3.74-3.86 (m,.lH), 3.93-4.03 (m, 2H), 4.11 (d.7 = 8.9 Hz, IH), 6.02 (s. IH), 
6.49 (d. / = 3.7 Hz, IH), 7.00 (d, J = 3.7 Hz, IH). 

15 EXAMPLE 120 

3\5'-Bis-rO- (l-oxooctvl)l-2'-Q-methvlcvtidinft 




O 
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1,3-DicycIohexylcarbodiimide (21,48 g, 104 tnmol) was dissolved in 
anhydrous dichloromethane (100 mL). To the solution was added octanoic acid (5.49 
mL, 34.5 mmol, made anhydrous by keeping over molecular sieves, 4 A' overnight at 
room temperature), and the resulting reaction mixture was stirred under argon 
5 atmosphere for 6 h. Hie white precipitate which formed was filtered, and the ffltrate 
was concentrated under reduced pressure. TTie residue obtained was dissolved in 
anhydrous pyridine and added to N4-(4,4'-dimethoxytiityl)-2'-0-methylcytidine (0.43 
g, 0.77). DMAP (0.09 g, 0.77 mmol) was added and the resulting mixture was stirred 
at room temperature under argon atmosphere for 12 h. The solvent was removed 

10 under reduced pressure and the residue obtained was dissolved in ethyl acetate (100 
mL). The organic phase was washed with aqueous sodium bicarbonate (5 %, 50 mL), 
dried over anhydrous Na2S04andconcentraled underreduced pressure. The residue 
was purified by flash silica gel column chromatography and eluted with 5 % MeOH in 
dichlOTomethane. The product obtained was dissolved in a mixture of acetic acid: 

15 MeOH : H2O (20 mL, 3:6: 1), The resulting mixture was heated at 50°C for 24 h. 
The solv&at was removed under reduced psessure. The residue obtained was purified 
by flash silica gel column chromatogr^hy and eluted with dichloromethane 
containing 0 to 5 % of MeOH to give the title compound (0.22 g). 
IH NMR (200 MHz. DMS0-d6) 5 0.83 (m, 6H), 1.23 (br s, 16H). 1.51 (m. 4H), 2.33 

20 (m, 4H). 3.26 (s, 3H), 4.06 (t, J =5.2 Hz, IH), 4.21 (m. 3H), 5.11 (t, J = 5;2H2. IH), 
5.75 (d. J = 7.4 Hz, IH), 5.84 (d, J = 4.8 Hz, IH). 7.26 (br s. 2H). 7.61 (d. J = 7.4 Hz. 
IH). 

MS (ES): m/z 510.3 [M + Hf; HRMS (FAB) Calcd for C26H44N3O7: 510.3179; 
found 510.3170. 

25 

EXAMPLE 121 

4-Amino-l-(B-D- ribofiiranosviy-lg-Dvrazolor3.4^pvrimidinft 
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This compound was prqpared following procedures described in 
Nucleic Adds R«j. H: 871-872 (1983). 

EXAMPUem 

5 

2'C-Methvl-cvtidine 

NH2 

\ ^Me 

This compound was prepared foUowing procedures described in L. 
Beigehnan et al., .Carbohyd-Res. 166: 219-232 (1987) or X-Q Tang, et al., J. Org. 
10 QiMi. 64: 747-754 (1999). i 



EXAMPLE 

4-AIIuno-7-(2-C-methv]-fi-D-ribofaranr«vl^,7 g.pvffQlo^2■<^■rflp vri«,iA•n 
15 carbonitrile 



NC NH2 




I 

\__^Me 



TTiis compound was prepared following.procedures described by Y. 
Muiai et al. in Heterocvcles 33: 391-404 (1992). 



20 
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15 



EXAMPLE 124 

4-Amino-7-(2-C-methvl- B-D-ribofuranosvlV7jy-pvrrolor23-rflpvrimidint5-5- 
carfaoxamide 



H2NOC NH2 




h6 oh 

This compound was prepared following procedures described by Y. 
Murai et al. in Heterocveleg 33: 391-404 (1992). 



10 

8-Aminoadenosiae 



EXAMPLE 125 



NH2 

This compound was prepared following the procedure described in M. 
Ikdiara and S. Yamada, Chem. Pharm. Bull.. 19: 104 (1971). 

EXAMPLE 126 

Mass Soecttal C haracterization of Nucleoside 5'-Triphosphates 

20 Mass spectra of nucleoside 5*-triphosphates were determined as described in 

Example 87. Listed in the following table are the calculated and experimental masses 
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for the nucleofflde 5'^phosphates prepared according to the procedures of Example 
86. The example numbers coirespond to the parent nucleoside of the nucleoside 5*. 
triphosphate. 



Example 


Calculated 


Found 


I 


507.0 


506.9 


2 


525.0 


524.9 


5 


537.0 


537.0 


6 


539.0 


539.0 1 


7 


565.0 


565.0 


8 


547.0 


546.9 1 


9 


550.0 


550.0 1 


10 


506.0 


505.9 1 


11 


536.0 


535.9 1 


12 


536.0 


536.6 1 


h 


561.0 


560.9 


.14 


550.0 


550.0 1 


15 


524.0 


524.0 1 


16 


522.0 


521.9 1 


17 


547.0 


546.9 1 


18 . 


536.0 


536.0 


20 


531.0 


530.9 1 


21 


522.0 


522.0 1 


22 


536.0 


536.0 


23 


506.0 


506.1 


24 


524.0 


524.0 


25 


508.0 


508.0 I 


26 


508.0 


508.0 1 


27 


552.0 


552.0 1 


28 


506.0 


506.0 1 


29 


579.0 


578.9 1 


30 


582.0 


582.0 1 


31 


568.0 


567.9 1 



-151- 



wo 02/057425 



PCT/US02/01S31 



32 


554.0 


553.9 


33 


540.0 


539.9 


34 


554.0 


553.9 


35 


568.0 


567.9 


36 


541.0 


541.0 


37 


565.0 


564.9 


38 


542.0 


541.9 


39 


554.0 


553.9 


41 


481.0 


481.0 


42 


467.0 


467.0 


43 


485.0 


484.8 


. 46 


482.0 


482.0 


47 


486.0 


485.8 


48 


482.0 


482.0 


49 


554.0 


554.0 


!51 


468.0 


468.1 


52 


521.0 


521.0 


53 


491.0 


491.2 


55 


584.9 


585.1 


56 


521.0 


521.2 


58 


506.0 


506.0 


61 


520.0 


519.9 


62 


520.0 


520.0 


63 


547.0 


547.0 


64 


533.0 


533.0 


65 


549.0 


549.0 


67 


551.0 


551.0 


68 


515.0 


514.9 


69 


520.0 


520.1 


71 


490.0 


489.9 


89 


523.0 


522.9 


90 


521.0 


520.9 


91 


645.1 


645.0 
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94 


524 0 


^O'X o 

Da J. 77 


95 


522 0 




98 






99 


520 n 




102 


^\^'\ i 


OlJ.U 


103 






104 




481.0 


105 


536.0 


536.2 


106 


509.0 


508.9 


108 


505.0 


505.0 


112 


506.0 


506.1 . 


113 


490.0 


490.0 


117 


534.0 


534.0 


118 


536.0 


536.0 



I EXAMPLE 127 



r4-Amino-7-(2<-metbvl-B-I>rihofaranosvlV.7fy.pvr ro lor2.3.^-p v^^ 
5 monophosphate 




To the compound fiom Step F of Example 62 (14 mg, 0.05 mmol) 
(dried by coevaporation with pyridine and several times with toluene) was added 
trimethyl phosphate (0.5 mL). The mixture was stined- overnight in a sealed 
container. It was then cooled to O^C and phosphorous oxychloride (0.0070 mL, 0.075 
mmol) was added via a syringe. The mixture was stirred for 3 h at 0°C, then the 
reaction was quenched by addition of tetraethylammonium bicarbonate (TEAB) (IM) 
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(0.5 mL) and water (5 mL). The reaction mixture was purified and analyzed 
according to the procedure described in Example 87. 
Electron spray mass spectrum (ES-MS): Found: 359.2 (M-H*), calc. for 
C12H17N4O7P- IT: 359.1. 

EXAMPLE 128 

r4-Amino-7- (2-C-metfavl-6-D-ribofmanosvlV7H-pvnt>lor2.3w/l-p Yrifni dine1-5'- 
diphosphate 




O O 
HO-P-0-P-0^\,oJ^ 

HO HO CH3 
10 * Hd 

To the compound from Step F of Example 62 (56 mg, 0.20 mmol) 
(dried by coevaporation with pyridine and several times with toluene) was added 
trimethyl phosphate (stored over sieves) (1.0 mL). The mixture was stirred overnight 
in a sealed container. It was then cooled to 0°C and phosphorous oxychloride (0.023 

15 mL, 0.25 nmiol) was added via a syringe. The niixture was stirred for 2 h at O^'C, then 
tributylamine (0.238 mL, 1.00 mmol) and tributylammonium phosphate (generated 
from phosphoric acid and tributylamine in pyridine, followed by repeated azeotropic 
evaporation with pyridine and acetonitrile) (LO mmol in 3.30 mL acetonitrile) was 
added. The mixture was stirred for an additional 30 min at O^C, the sealed vial was 

20 then opened and the reaction quenched by addition of TEAB (IM) (1.0 mL) and water 
(5 mL). The reaction mixture was purified and analyzed according to the procedure 
described in Example 87. 

ES-MS: Found: 439.0 (M-H*), calc. for Ci2Hi8N40,oPr H*: 439.04. 

25 • EXAMPLE 129 

r4-Aniino-7-f2-C -methvl-B-D-riboftu-anQsvlV7g-pvnt)Ior2.3 
triphosphate 
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HO-P-O-P-O-P-0 
HO HO HO 



To the compound from Step F of Example 62 (20 mg, 0.07 mmol) 
(dried by coevaporation with pyridine and several times with toluene) was added 
trimethyl phosphate (stored over sieves) (0.4 mL). The mixture was stirred overnight 
5 in a sealed container. It was then cooled to 0»C and phosphorous oxychloride (0.0070 
noL. 0.075 mmol) was added via syringe. The mixture was stined for 3 h at 0°C, then 
tributylamine (0.083 ml^ 0.35 mmol). tributylammonium pyrophosphate (0.35 mmol, 
127 mg) and acetonitrile (stored over sieves) (0.25 mL) were added. The mixture was 
stined for an additional 30 min at 0°C, the sealed vial was then opened and the 
10 reaction quenched by additi(k of TEAB (IM) (0.5 mL) and water (5 mL). The 
reaction mixture was purified and analyzed according to the procedure described in 
Exan^]e87. 

ES-MS: Found: 519.0 (M-H*), calc. for Ci2Hi9N40,3p3- H*: 519.01. 
15 EXAAlPLEnn 

7-<2-C-methyl-B-I>-ribofiiranosvlV7/^pvm^ l or2.3w/lpvrimidin-4(3^ 

O 




\ ^CHg 

H(5 hn 

To the compound from Step E of Example 62 (59 mg, 0.18 mmol) was 
20 added aqueous sodium hydroxide (IM). The mixture was heated to reflux for Ihr. 
cooled, neutralized with aqueous HQ (2M) and evaporated in vacuo . The residue 
was purified on silica gel using dichloromethane/methanol (4:1) as eluent Fractions 
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containing the product were pooled and evaporated in vacuo to give the desired 
product (53 mg) as a colorless oil. 

IH NMR (CD3CN): 5 0.70 (s. 3H), 3.34-4.15 (overlapping m. 7H), 6.16 (s. IH). 6.57 
(d, 3.6 Hz, IH), 7.37 (d, 3.6 Hz, IH), 8.83 (s. IH). 

5 

EXAMPLE ni 

4-Amino-5-chloro-7-^2-C-methvl-B-D-ribo furanosvlV7ff-pvrrolor2.3wf1p vrimiri^ 




h6 't)H 

10 To a pre-coo&d solution (0°Q of the compound from Step F of 

Example 62 (140 mg, 0.50 mmol) in DMF (2.5 mL) was added Ar-chlorosucdniinide 
(0.075 g, 0.55 mmol) in DMF (0.5 mL) dropwise. The solution was stined at it for Ih 
and the reaction quenched by addition of methanol (4 mL) and evaporated in vacuo. 
The crude product was purified on silica gel using methanol/dichloromethane (1:9) as 

15 eluenL Fractions containing the product were pooled and evaporated in vacuo to give 
the desired product (55 mg) as a colorless solid. 

IH NMR (CD3CN): 8 0.80 (s. 3H). 3.65-4.14 (overlapping m, 7H). 5.97 (s br. 2H). 
6.17 (s. IH), 7.51 (s, IH), 8.16 (s. IH). 

ES-MS: Found: 315.0 (M+H*). calcibr C12H15CIN4O4 + H*: 315.09. 

20 

EXAMPLE 132 



4-Amino-5-bromo-7-(2-C- metfavl-B-D-ribofuranosvlV7g-pvtrolor2.3-<ilpvrimi 
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15 




To a pre-cooled solution (0°C) of the compound from Step F of 
Example 62 (28 mg, 0.10 mmol) in DMF (0.5 mL) was added N-bromosuccinimide 
(0.018 g, 0.10 mmol) in DMF (0.5 mL) dropwise. Hie solution was stirred at 0''C for 
5 20 min, then at rt for 10 min. The reaction was quenched by addition of metiianol (4 
mL) and evaporated in vacuo. The crude product was purified on silica gel using 
methanol/dichloroniethane (1:9) as eluent Fractions containing the product were 
pooled and evaporated in vacuo to give the desired product (13.0 as a colorless 
solid. 

10 IH NMR (CD3CN): 6 0.69 Cs, 3H), 3.46-4.00 (overlapping m, 7H), 5.83 (s br, 2H), 
6.06 (s, IH), 7.45 (s, IH). 8.05 (s, IH). 

ES-MS: Found; 359.1 (M+lT), calcfor Ci2Hi5BrN404+ir: 359.04. 



. EXAMPLE 133 
2-Amino-7-f?,-C-methvl-B-D-ribofi]rannsv l)-7H-PViTOlor23-^pvrimidine 



\_UMe 



HO t)H 



A mixture of 2-amino-4-chloro-7-(2-C-mefliyl-P-D-ribofiiranosyl)-7H- 
pyiTolo[2,3-iflpyrimidine (Example 118, Step B) (20 mg, 0.07 mmol) in EtOH (1.0 
20 mL), pyridine (0. 1 mL) and 10% Pd/C (6 mg) under H2 (atmospheric pressure) was 
stirred overnight at room temperature. The mixtiire was filtered throu^ a Celite pad 
which was thorougly washed witii EtOR The combined filtrate was evs^orated and 
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purified on a silica gel column with CHaCliMeOH, 20/1 and 10/1. as eluent to give 
the title compound as a white solid (16 mg). 

IH NMR (200 MHz, CD3OD): 5 0.86 (s, 3H, 2'C-Me). 3.82 (dd, Jy^^^ 3.6 Hz. Jyj^^ = 
12.7 Hz, IH, H-5*), 3.94^.03 (m, 2H, H-5', H-4'), 4.10 (d, 73'4'= 8.8 Hz, IH, H-3'), 
5 6.02 (s, IH, H-D. 6.41 (d, /5.6 = 3.8 Hz, IH, H-S), 7.39 (d, iH, H-6). 8.43 (s, IH, H- 
4). ES MS: 281.4 (MH^. 

EXAMPLE 134 

10 2->AnMno-S-methvl-7-f2^C 2-nw!i'mgtfi Yl-B^D-ribof^ 
/f1pYrimidi n-4f3flV-one 




wO t)Me 



Step A: 2-Amino-4-chloro->7-r3.5>bis-0-f2.4-dichloix)phenvlmethvlV2-C- 
methvl-B-D>ribo fijianosvl]-5-methvl>7g-pvrrolor2.3-^^^ 

15 To an ice-cold solution of the product from Step C of Example 62 

(1.57 g, 3.16 mmol) in CH2CI2 (50 mL) was added HBr (5.7 M in acetic acid; 3.3 mL) 
dropwise. The reaction mixture was stirred at 0°C for 1 h and then at room 
temperature for 2 h, concentrated in vacuo and co-evaporated with toluene (2 x 20 
mL). The resulting oil was dissolved in MeCN (20 mL) and added dropwise to a 

20 solution of the sodium salt of 2-amino-4-chloro-5-methyl-lJ?-pyrxolo[2,3- 

rfjpyrimidine in acetonitrile [generated in situ from 2-aniino-4-chloro-5-methyHH- 
pyrrolo[2,3-flpyrimidine [for preparation, see Liebies Ann. Chem, 1984: 708-721] 
(1.13 g, 6.2 mmol) in anhydrous acetonitrile (150 mL), and NaH (60% in mineral oil, 
248 mg, 6.2 mmol), after 2 h of vigorous stirring at rt]; The combined mixture was 

25 stirred at rt for 24 h and then evaporated to dryness. The residue was suspended in 
water (100 mL) and extracted with EtOAc (300 + 150 mL). The combined extracts 
were washed with brine (100 mL), dried over Na2S04, filtered and evaporated. The 
crude product was purified on a silica gel column (5x7 cm) using ethyl 

-158- 



wo 02/057425 



PCTAJS02/01531 



acetate^exane (0 to 30% EtOAc in 5% step gradient) as the eluenL Fractions 
containing the product were combined and evaporated in vacuo to give the desired 
product (0.96 g) as a colorless foam. 



5 2-Amino-4-chloro-7-r3/>-hk-/ 7.(2.4-dichlorophenvlmethvn-2-r , 9^n- 
■dimetfavl-B-D-rihnfiiran osvn.5.methvl-7ff-DVTrolor2.3-<flDvriimdi^^ 
To an ice-cold mixture of the product from Step A (475 mg, 0.7 mmol) 
in THF (7 mL) was added NaH (60% in mineral oil, 29 mg) and stined at 0 "C for 0.5 
h. Then Mel (48 jiL) was added and reaction mixture stirred at rt for 24 L The 
10 reaction was quenched with MeOH and the mixture evaporated. The crude product 
was purified on a silica gel column (5 x 3.5 cm) using hexane/ethyl acetate (9/1, 7/1, 
5/1 and 3/1) as eluent Fractions containing the product were combined and 
evaporated to give flie desired compound (200 nig) as a colorless foam. 

15 SteaC: 2-Amino-7-r3.5-bis-0.f2.4-HiV MorophenvlineHivn-2-C.2-n-dim«^Y'- 
P-D-ribofmafiosvn-5-methvl-7Ay-pYr rolor2.3-^pvrimidine-4Qfl\^ 
A mixture of;the product from Step B (200 mg, 0.3 mmol) in 1,4- 
dioxane (15 mL) and aqueous NaOH (2N, 15 mL) in a pressure botUe was healed 
overnight at 135 °C. The mixture was then cooled to 0 °C, neutralized with 2N 
aqueous HQ and evaporated to dryness. The crude product was suspended in MeOH, 
filtered, and the soHd thoroughly washed with MeOH. The combined filtrate was 
concentrated, and the readue purified on a silica gel column (5 x 5 cm) using 
CHiai/MeOH (40/1, 30/1 and 20/1) as eluent to give the desired compound (150 mg) 
as a colorless foam. 



20 



25 



SimSl 2-Anuno-5-methvl-7.f2-r.2- O.Klimelfavl-B-T%ribofiirmnsvl>7W- 
pvrroIo('2.3-rf|pvrimidin-4f3flVone 

A mixture of the product fi-om Step C (64 mg, 0.1 mmol) in MeOH (5 
mL) and EtsN (0.2 mL) and 10% Pd/C (24 mg). was hydrogenated on a Parr 
30 hydrogenator at 50 psi at r.L for 1.5 days, then filtered through a Celite pad which was 
thoroughly washed with MeOH TTie combined filtrate was evaporated and the 
residue purified on a siHca gel column (3x4 cm) with CHzaz/MeOH (30/1, 20/1) as 
eluent to yield 2-ammo-5-methyl-7-(5-0-benzyl-2-C,2-C>-dimethyl.p-D- 
ribofuranosyl)-7jy-pyrroloI23-flpyriniidin-4(3fl)-one. The compound (S7 mg) was 
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further hydrogenated in EtOH (2 mL) with 10% Pd/C and under atmospheric pressure 
of hydrogen. After stirring 2 days at r.t., the reaction mixture was filtered through 
Celite, the filtrate evaporated and the crude product purified on a silica gel column (1 
X 7 cm) with CH2Cl2AMeOH (30/1, 20/1 and 10/1) as eluent to yield the title 
5 compound (12 mg) after fiieeze-drying. 

IH NMR (200 MHz. CD3OD): 5 0.81 (s. 3H. 2'C-Me). 2.16 (d, /H^s.cs-Me = 1.3 Hz, 
3H. C5-Me), 3.41 (s, 3^ 2'-0Me). 3.67 (dd. 75'4 = 3.4 He. Jy^ = 12.6 Hz, IH, H-S'), 
3.81-3.91 (ra. 3H. H-5", H-4', H.3'). 6.10 (s. IH. H-l'), 6.66 (d. IH, H^). 
ES MS: 323.3 (M-H)* 

10 

EXAMPLE 

4-Aniino-S-methvl-7-r2-C-methvl-B-T% ribofuranosvlV7flLov,To1or2^.^pv^ 



Me NH2 




15 Step A: 4-ChlwD-7-r3.5-bis-0-f2.4 -dichIorophenvhnethvlV2-C-methvl-B-D- 
ribofuranosid1-5 -methvl-7JyLpviTOior2^^Pvriniidine 
To an ice-cold solution of the product from Step C of Example 62 
(1.06 g, 2.1 mmol) in CHjQz (30 mL) was added HBr (5.7 M in acetic acid; 2.2 mL) 
dropwise. The reaction mixture was stirred at 0 "C for 1 h and then at room 

20 temperature for 2 h, concentrated in vacuo and co-evaporated with toluene (2x15 
mL). The resulting oil was dissolved in MeCN (10 mL) and added dropwise into a 
solution of the sodiimi salt of 4-chloro-5-methyl-m-pyrrolo[2,3-<f]pyrimidine in 
acetonitrile [generated in situ from 4-chloro-5-methyl-liy-pyrrolo[2,3-d]pyrimidine 
[for preparation, see J. Med. Chem. 33: 1984 (1990)] (0.62 g, 3.7 mmol) in anhydrous 

25 acetonitrile (70 mL), and NaH (60% in mineral oU, 148 mg, 3.7 mmol), after 2 h of 
vigorous stirring at rt]. The combined mixture was stirred at it for 24 h and then 
evqwrated to dryness. The residue was suspoided in water (100 mL) and extracted 
with EtOAc (250 + 100 mL). The combined extracts were washed witii brine (50 
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mL), dried over Na2S04, filtered and evaporated. The crude product was purified on a 
silica gel column (5 x 5 cm) using hexane/ethyl acetate (9/1, 5/1, 3/1) gradient as the 
eluent. Fractions containing the product were combined and evaporated in vacuo to 
give the desired product (0.87 g) as a colcMrless foam. 

5 

gtepB: 4-Chloro-5>metfavl-7-(2.r-Tn ethYl-B-D-ribQfura^ 
^pvrimidine 

To a solution of the compound from Step A (0.87 g, 0.9 mmol) in 
dichloromethane (30 mL) at -78°C was added boron trichloride (IM in 

10 dichloromethane, 9.0 mL, 9.0 mmol) dropwise. The mixture was stined at -78''C for 
2.5 h, then at -30*'C to -20°C for 3 h. The reaction was quenched by addition of 
methanol/dichloromethane (1:1) (9 mL) and the resulting mixture stined at -IS^'C for 
30 min., then neutralized y/iHh aqueous ammonia at O^C and stiiied at it for 15 min. 
The soUd was filtered and washed with CRiClT/MBaH. (1/1, 50 mL). The combined 

15 filtrate was evaporated, and the residue was purified on a silica gel column (5x5 cm) 
using CH2CI2 and CHjCh/MeOH {40/1 and 30/1) gradient as the eluent to furnish the 
desired compound (0.22 g) as a colorless foam. 

StepC: 4-AmiDO-5-methvl-7-f2-C. methvl-B-D-rihofuranosvlV7ff-pvriolor23- 
20 rfl pvrimidine 

To the compound fix)m Step B (0.2 g, 0.64 mmol) was added 
methanolic anmionia (saturated at (fC; 40 mL). The mixture was heated in a stainless 
steel autoclave at lOO'C for 14 h, then cooled and evaporated in vacuo. The crude 
mixture was purified on a siKca gel column (5 x 5 cm) with CH2a2/MeOH (50/1, 
25 30/1, 20/1) gradient as eluent to give the title compound as a white solid (0.12 g). 
IH NMR (DMSO-de): 5 0.60 (s, 3H, 2'C-Me). 2.26 (s, 3H. 5C-Me), 3.52-3.61 (m. 
IH. H-5'). 3.70-3.88 (m, 3H, H-5". H-4'. H-3'). 5.00 (s. IH, 2'-OH). 4.91-4.99 (m, 
3H. 2'-0H, 3'-0H, 5'-0H). 6.04 (s. IH, H-l'). 6.48 (br s, 2H. NHj), 7.12 (s, IH. H- 
6), 7.94 (s, IH, H-2). ES MS: 295.2 (MH*). 

30 

EXAMPLE 136 

4-Anrino-7-r2-C-metfavl-8-D-ribofa ranosvlV7g-pvnolor2.3-Jlpvrimidin^ 
caifaoxvlic acid 
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Ho-(f 

\_>CH3 
H<5 \)H 

The compound of Example 123 (0.035 g, 0.11 mmol) was dissolved in 
a mixture of aqueous ammonia (4 mL, 30 wt %) and saturated methanolic ammonia (2 
mJL), and a solution of H2O2 in water (2 mL, 35 wt %) was added. The reaction 
5 mixture was stined at room temperature fori 8 h. Solvent was removed undo- 
reduced pressure, and the residue obtained was purified by HPLC on a reverse phase 
column (Altech AMma C-18, lOx 299 mm, A = water, B = ac^nitrile, 10 to 60 % B 
in 50 min, flow 2 mL/min) to yield the title compound (0.015 g, 41 %) as a white 
solid. \ 

10 1HNMR(CD3QD): 6 0.85 4 3H, Me), 3.61 (m,lH), 3.82 (m,lH) 3.99^.86 (m. 
2H), 6.26 (s, IH), 8.10 (s, 2H) 8.22(s, IH); "C NMR (ClbOD): 20.13. 61.37, 73.79, 
80.42, 84.01, 93.00, 102.66, 112.07, 130.07, 151.40, 152.74, 159.12. 169.30. 
HRMS (FAB) Calcd for CaHivN*©^* 325.1148. found 325.1143. 

15 EXAMPLE 137 

4-Aminn-7- (2-C-vinvl-B-D-ribofuranosvl)-7H-pvrrolor2.3-<flpvrimidine 

NH2. 




Step A: 3.5-Bis-0-f2.4-dichlQrophenvhnethvlV-2-C-vinid-l-f)-methvl-arD- 
20 ribofuranose 
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Cerium chloride heptahydrate (50 g, 134.2 mmol) was finely crushed 
in a pre-heated mortar and transfetted to a n>und-bott(Mn flask equipped with a 
mechanical stirrer. The flask was heated under high vacuum ovemi^t at leO'C. The 
vacuum was released under argon and the flask was cooled to room tenq)erature. 
5 Anhydrous TEIF (300 mL) was cannulated into the flask. The resulting sospoision 
was stirred at room temperature for 4 h and then cooled to -78 »C. Vinyhnagnesium 
bromide (IM in THF, 120 mL, 120 mmol) was added and stirring continued at -78 °C 
for 2 h. To this suspension was added a solution of 3,5-bis-0-(2,4- 

dichIorophenylmethyl)-l-C>-methyI-a-D-erythro-pentofuranose-2-ulose (14 g, 30 
10 mmol) [from Example 2, Step B] in anhydrous TEBF (100 mL), diopwise with 
constant stirring. The reaction was stinted at -78 for 4 h. The reaction was 

quenched with satoated ammonium chloride solution and aUowed to come to room 
temperature. The mixture was filtered through a celite pad and the residue washed 
with Et20 (2 X 500 mL). The organic layer was separated and. the aqueous layer 
15 extracted with EtaO (2 x 200 mL). The combined organic hxyas were dried over 
anhydrous Na2S04 and concentrated to a viscous yellow oU. The oU was purified by 
flash chromatography (SiO2,:.10% EtOAc in hexanes). The title compound (6.7 g, 
13.2 mmol) was obtained as a pale yellow oil. 

20 SteBB: 4-ChIoro-7-f3.5-bis-Q-r2.4-dirhl orophenvlmethvlV.2-C-vinvl-P-n. 
ribofuranosvn -7g-Dvrmlor2.3-gnDvrimidinft 
To a solution of the compound firom Step A (6.4 g, 12.6 mmol) in 
anhydrous dichloromethane (150 mL) at -20 "C was added HBr (30% solution in 
AcOH, 20 mL, 75.6 mmol) dropwise. The resulting solution was stirred between 

25 -10°C and 0°C for 4 h, evaporated in vacuo and co-evaporated with anhydrous 
toluene (3 x 40 mL). The oily residue was dissolved in anhydrous acetonitrile (100 
mL) and added to a solution of the sodium salt of 4-chloro-lfl'-pyrrolo[2,3- 
<flpyrimidine (5.8 g, 37.8 mmol) in acetonitrile (generated in situ as described in 
Btan^le 62) at -20 "C. The resulting mixture was allowed to come to room 

30 temperature and stirred at room temperature for 24 h. The mixtoirc was then 

evaporated to dryness, taken up in water and extracted with EtOAc (2 x 300 mL). 
The combined extracts were dried over Na2S04, filtered and evaporated The crude 
mixture was purified by flash chromatography (SiOz, 10% EtOAc in hexanes) and the 
title compound (1.75 g) isolated as a white foam. 
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Step C: 4-Aimno-743,5-bis>0-( 2 ,4-dicMorophenvlmethvlV2>C-vinvl>p>T^ 
ribofuranosvn-7g-pvrmlor23-^Pvrimidine 
The compound from Stq> B (80, mg) was dissolved in the minimum 
amount of 1,4-dioxane and placed in a stainless steel bomb. The bomb was cooled to 
5 -78°C and liquid ammonia was added. The bomb was sealed and heated at 90^C for 
24 h. The ammonia was allowed to evaporate and the residue concentrated to a white 
solid which was used in the next step without further purification. 

StepD: 4->Amino-7--f2-C-vinvl-B-D-ribofuranosvlV7g-pvirolor2^^ 

10 rflpvrimidine 

To a solution of the compound finom Step C (60 mg) in 
dichloromethane at --78 was added boron trichloride (IM in dichloiomethane) 
dropwise. The mixture was stirred at -78 ''C for 2.5 h, then at -30 ""C to -20 ""C for 
3h. The reaction was quenched by addition of methanol/dichloromethane (1:1) and 

15 the resulting mixture stirred at -15 ''C for 0 J h, then neutralized with aqueous 
ammonia at O^C and stirred kt room traiperature for 15 min. The solid was filtered 
and washed with methanol/dichloromethane (1:1). The combined filtrate was 
evaporated and the residue purified by flash chromatography (SiOz, 10% methanol in 
EtOAc containing 0.1% triethylamine). The fractions containing the product were 

20 evaporated to give the title compound as a white solid (10 mg). 

IHNMR (DMSO-^): 5 3.6 (m, IH, H-5'). 3.8 (m, IH, H-5"). 3.9 (m d, MI, H^'). 
4.3 (t, IH, H-30, 4.8-5.3(m, 6H, CH=CH2, 2'-0H, 3'-OH, 5'-0H) 6.12 (s, IH, H-l*), 
6.59 (d, IH, H-5), 7.1 (br s, IH, NH2), 7.43 (d, IH, H^), 8.01 (s, IH, H.2). 
ES-MS: Found: 291.1 (M-H); calc. for CJ3H16N4O4 - ff: 291.2. 

25 

EXAMPLE 138 
4-Amino-7-f2-C-hvdroxvmethvl-p- D-ribofiiranosvlV7H^^ 
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Step A: 4-Chloro-7-r3.5-bis-0-r2.4-dichlorop h envlmethvlV2-C- 

hvdroxvmethvl-B-D-ribQfa ranosvn-7/y-pvrrolor23-rflp vrimidinft 
To a solution of the can^uiid ficom Example 137, Step B (300 mg, 
5 0.48 mmol) in 1,4-dioxane (5 mL) were added iV-methylmoipholine-Ar-oxide ^00 mg, 
2.56 mmol) and osmimn tetioxide (4% solution in water, 0.3 mL). Ihe mixture was 
stirred in the dark for 14 h. The precipitate was removed by filtration through a celite 
plug, diluted with water (3 x), and extracted with EtOAc. The BtOAc layer was dried 
over Na2S04 and concentrated in vacuo. The oily residue was taken up in 

10 dichloromeaiane (5 mL) and stirred over NaI04 on silica gel (3 g, 10% NaI04) for 12 
h. The silica gel was removed by filtration and the residue was ev£q)oiated and taten 
up in absolute ethanol (5 mL). The solution was cooled in an ice bath and sodium 
borohydride (300 mg, 8 mmol) was added in small portions. The resulting mixture 
was stirred at room temperature for 4 h and then diluted with EtOAc. The organic 

15 layer was washed widi water (2 x 20 mL), brine (20 mL) and dried over Na2S04. The 
solvent was evaporated and the residue purified by flash chromatography (Si02, 2:1 
hexanes^EtOAc) to give tiie title compound (160 mg, 0.25 mmol) as white flakes. 

StepB: 4-Amino-7-r3 .5-bis-0-f2.4-dichlorDDhenvhnethvlV-2-C- 
20 hvdroxvmeth vl-B-D-ribofuranosvn-7g-pvrrolor2.3-rflp vrimidiiift 

The compound from Step A (150 mg, 0.23 mmol) was dissolved in the 
minimum amount of 1,4-dioxane (10 mL) and placed in a stainless steel bomb. The 
bomb was cooled to -78 °C and liquid ammonia was added. The bomb was sealed 
and heated at 90'C for 24 h. The ammonia was allowed to evaporate and the residue 
25 concentrated to a white solid which was used in the next step without further 
purification. 
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Step C: 4>Ami'nQ-7-(2-C»>hYrfmY vmethvl-B-D-ribofuranosvlV7g-Dv^ 
^pYrimidine 

The compound from Step B (120 mg, 0.2 mmol) was dissolved in 1:1 
methanol/dicMoromethane, 10% Pd-C was added, and the suspension stincd under an 
5 H2 atmosphere for 12 h. The catalyst was removed by filtration throu^ a celite pad 
and washed with copious amounts of methanol. The combined filtrate was 
evaporated in vacuo and the residue was purified by flash chromatography (SiOz, 10% 
methanol in EtOAc containing 0.1% triethylamme) to give the title compound (50 
mg) as a white powder. 
10 IHNMR (CD3OD): 5 3.12 (d, IH, CH2'), 3.33 (d, IH, CHj"). 3.82 (m, IH, H-S'), 
3.99^.1(m. 2H, H-4\ H-S^O. 4.3 (d, IH, H-S'), 6.2 (s, IH, H-r), 6.58 (d, IH, H-5), 
7.45 (d, IH, H^, 8.05 (s, IH. H.2). 

LC-MS: Found: 297.2 (M+H*); cala for C12H16N4O5 + H*: 297.3, 
15 EXAMPLE 139 

4-Amino-7>f2-C-fluQromethWD-rib ofuranQsvlV7H^^ 




Step A: 4-CMoro-7-r3.5-bis-0-f2.4-dicMorophenvlmethvlV2-C-fluoromethvl- 
20 B-D-ribofuranosvll-7H--pvrrolor2.3>J1pvrimidine 

To a solution of the compound from Example 138, Step A (63 mg, 0.1 
mmol) in anhydrous dichloromediane (5 mL) under argon, were added 4- 
dimethylaminopyridine (DMAP) (2 mg, 0.015 mmol) and triethylamine (62 nL, 0.45 
nmiol). The solution was cooled m an ice bath and p-toluenesulfonyl chloride (30 
25 mg, 0,15 mmol) was added. The reacdon was stirred at room temperature overnight, 
washed with NaHCOa (2 x 10 mL), water (10 mL), brine (10 mL), dried over Na2S04 
and concentrated to a pink solid in vacuo. The solid was dissolved in anhydrous THF 
(5 mL) and cooled in an icebath. Tetrabutylanunonium fluoride (IM solution in THF, 
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1 mL, 1 mmol) was added and the mixture stirred at room temperature for 4 h. The 
solvent was removed in vacuo, the residue taken up in dichloromethane, and washed 
with NaHCOs (2 x 10 mL), water (10 mL) and brine (10 mL). The dichloromethane 
layer was dried over anhydrous Na2S04, concentrated in vacuo, and purified by flash 
5 chromatography (Si02, 2:1 hexanes/EtOAc) to afford the title compound (20 mg) as a 
white solid. 



StepB: 4-Amino->7-r3,5-bis-042.4 <UchlorQphenvhnethvn-2-C-fluoromethY]^ 
B-D-ribofiiranosvlV7^f-pvnolor2,3>/flpvrimidine 
10 The compound ficom Step A (18 mg, 0.03 mmoj) was dissolved in the 

minimum amount of 1.4-dioxane and placed in a stainless steel bomb. The bomb was 
cooled to -78 ''C and liquid ammonia was added. The bomb was sealed and heated at 
• 90 ''C for 24 h. The ammonia was allowed to evaporate and the residue concentrated 
to a white solid which was used in the next step without further purification. 

15 

StepC: 4>Amino-7-f2>C-fluQn)nfiethvl-fi-D-ribofiiranosvlV7 

The compound from Step B (16 mg) was dissolved in 1:1 
methanol/dichloromethane, 10% Pd-C was added, and the suspension stirred under an 
20 H2 atmosphere for 12 h. The catalyst was removed by filtration through a celite pad 
and washed with copious amounts of methanol. The combined filtrate was 
evaporated in vacuo and the residue was purified by flash chromatography (Si02, 10% 
methanol in EtOAc containing 0.1% triethylamine) to give the title compound (8 mg) 
as a white powder. 

25 IH NMR (DMSO-dfi): 8 3.6-3.7 (m, IH, H-S'). 3.8 « 4.3 (m, 5H, H-5", H-4% H.3\ 
C3l2) 5.12 (t, IH, 5*-0H), 5.35 (d, IH, 3'-0H), 5.48 (s, IH, 2^0H), 6.21 (s, IH, H- 
r), 6.52 (d, IH, H.5), 6.98 (br s, 2H, NH2), 7.44 (d, 1 ft H.6). 8.02 (s, IH. H-2). 
19f NMR (DMSO-d6): 6 -230.2 (t). 

ES-MS: Found: 299.1 (M+H^, calcfor C12H15FN4O4+ H*: 299.27. 



30 



EXAMPLES 140 and 141 
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^^"^^"^^- <3-deoxV"2-C-methvl>p-D-ribQfuranosvlV7//^^ 

and4-amino7>f3-deoxv-2>C -methvl-B-D-arabinofi^ 

pviimidine 




5 Step A: 7-r2.5-Bis-0-^ teftAiitv1dime thvlsavlVB-D-ribofi^ 

pvnolor23-rf1pvrimidine a nd 7-r3.S-Bis-0-fteyt-biitvldiTnetfavlsilvlVp- 
D-ribofuranosvn-7H-pvm>lor23-Jlpvrimidine 
To a stined solution of tubercidin (5.0 g, 18.7 mmol) in a mixture of 
pyridine (7.5 mL) and DMFl(18.5*mL) was added silver nitrate (6.36 g, 38.8 mmol). 
10 This mixture was stined at room temperature for 2 h. It was cooled in an ice bath and 
THF (37.4 mL) and rcr/-butyldimethylsilyl chloride (5.6 g, 37 mmol) was added and 
the mixture was stined at room temperature for 2 h. The mixture was then filtered 
through a pad of celite and washed with THF. The filtrate and washings were diluted 
with ether containing a small amount of chloroform. The organic layer was washed 
15 successively with sodium bicarbonate and water (3 x 50 mL), dried over anhydrous 
sodium sulfate and concentrated. The pyridine was removed by coev^ration with 
toluene and the residue was purified by flash chromatography on silica gel using 5-7% 
MeOH in 09202 as the eluent; yield 3.0 g. 

20 StepB: 7-r2.5-Bis>0-(rgrf-butvldimethvlsilvlVp-D-ribofiiranosvnM-rd^ 

methoxvphenvnp henvhiiethvl1anMno-7g-pvriolor2.3-Jlpvrirnidine and 
7-r3.5-bis-0-ffg;t-butvldlmethvlsilvlVp-D-ribofuranosvll-4-rdi-f4- 
methoxvDhenvnphenvbnethv llaminQ-7i/>pvrrolor2.3-^pvrimidine 
To a solution of mixture of the compounds from Step A (3.0 g, 6.0 
25 nunol) in anhydrous pyridine (30 mL) was added 4,4'.dimethoxytrityl chloride (2.8 g, 
8.2 mmol) and the reaction mixture was stined at room tempotiture overnight The 
mixture was then triturated with aqueous pyridine and extracted with ether. The 
organic layer was washed with water, dried over anhydrous sodium sulfate and 
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concentrated to a yeUow foam (5.6 g). The residue was purified by flash 
chromatography over siUca gel using 20-25% EtOAc in hexanes as the eluent. The 
appropriate fractions were coUected and concentrated to furnish 2'^'-0-bis-O-(tert- 
butyldimelhylsilyl)- and 3',5'-bis-0-(tert-butyldimethylsilyl) protected nucleosides as 
5 coloriess foams (2.2 g and 1.0 g, respectively). 

742^-Bis-Q-(tert-butvldimethvk avn-3-n.tnsv1-p.D.ribofiirann^l)] - 

4-rdi-f4-methnTYphenvl'>phenv lmethvnamino-7g-ovrrolor2,^ 
</]DVrimidine 

^0 To an ice-cooled solution of 2',5'-bis-0-(tert-butyldimethylsilyl)- 

protected nucleoside ftom Step B (2.0 g, 2.5 mmol) in pyridine (22 mL) was added p- 
toluenesulfonyl chloride (1.9 g, 9.8 mmol). TTie reaction mixture was stirred at room 
temperature for four days. It was then triturated with aqueous pyridine (50%, 10 mL) 
and extracted with ether (3 x 50 mL) containing a small amount of CHjaa (10 mL). 

15 The oiganiclayer was wash^id with sodium bicarbonate and water (3 X 30 mL). The 
organic layer was dried ov«!anhydrous N^S04 and concentrated. Pyridine was 
removed by co-evaporation with toluene (3 x 25 mL). The residual oil was filtered 
through a pad of silica gel using hexane:ethyl acetate (70:30) as eluent; yield 1.4 g. 

20 StepD: 4-rdi-f4-methoxvDhenvlVh envhnethvnflinino-7-r3-0-tosvl-p-n- 
ribofuranosvl-7H-pvrrolor2.3-rflDvrimidinp. 
A solution of die compound from Step C (1.0 g, 1.1 mmol) and THF 
(10 mL) was stirred with tetrabutylammonium fluoride (IM solution in THF, 2.5 mL) 
for 0.5h. The mixture was cooled and diluted with edier (50 mL). Hie solution was 
25 washed with water (3 x 50 mL), dried over anhydrous Na2S04. and concentrated to an 
oil. The residue was purified by passing through a pad of siHca gel using hexane: 
ethyl acetate (1:1) as eluent; yield 780 mg. 

4-Amino-7-(3-deoxv-2-C-met Hvl-6-D-rihofiir»mosvlV7H-pvrmlnr9j;- 
3^ ^- Pvrimidine and 4-aniin o-7-f3-deoxv^2-C-methvl-p-n- 

arabinofiiranosYl )-7g-pvrmlo-r2.3-gnDvrimidinft 
A solution of CHsMgl (3.0 M solution in ether, 3.0 mL) in anhydrous 
toluene (3.75 mL) was cooled in an ice bath. To this was added a solution of 
thecompound firom Step D (500 mg, 0.8 mmol) in anhydrous toluene (3.7 mL). The 
35 resulting mixture was stirred at room temperature for 3.5 h. It was cooled and treated 
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with aqueous NH4CI solution and extracted with ether (SO mL containing 10 mL of 
CHiCh)* The organic layer was separated and washed with brine (2 x 30 mL) and 
water (2 x 25 mL^ dried over anhydrous Na2S04 and concentrated to an oil which 
was purified by flash chromatography on silica gel using 4% MeOH in CH2CI2 to 

5 furnish the 2-C-a-methyl compound (149 mg) and the 2-C-P-methyl compound (34 
mg). These derivatives were separately treated with 80% acetic acid and the reaction 
mixture stirred at room temperature for 2.5 h. The acetic acid was removed by 
repeated co-ev^oration with ethanol and toluene. The residue was partitioned 
between chloroform and water. The aqueous layer was washed with chloroform and 

10 concentrated The evaporated residue was purified on silica gel using 5-10% MeOH 
in ClizCb as the eluent to fumisH the desired compounds as white solids. 
4-Amino-7-(3-deoxv-2-C-methvl-B>I>>ribofuranosvlV7g.Dvnt^ 
(9.0 mg): 

IH NMR (DMSO^): 5 0.74 (s, 3H, CH3). 1.77 (dd. IH, H-3'), 2.08 (t. IH. H-S"). 



15 3.59 (m, IH, fr5'), 3.73 (m^ IH, H-5'0, 4.15 (m, IH, H-4'), 5.02 (t, IH, OH-5*), 5.33 
(s, IH, OH-2'), 6.00 (s, IH. ^-1'). 6.54 (d, IH, H.7), 6.95 (br s, 2H, NH2), 7.47 (d, 
IH, H-8), 8.00 (s, IH, H-2); ES«MS: 263.1 [M-H]. 
4-Amino«7>(3"deoxv-2«C-me1hvl-B*D-arabinofuranQsvlV7g^^ 
(15 mg): 

20 IH NMR (DMSO-dfi): 5 1 .23 (s, 3H, CH3), 2.08 (ddd, 2H, H-3*and 3"). 3.57 (m. 2H, 
H-5'and 5"). 4,06 (m. IH. H-4), 5.10 (s, IH, OH.2*), 5.24 (t, IH, OH-50. 6.01 (s. IH, 
H-D, 6.49 (d, IH, H.7),6.89 (br s, 2H, NH2), 7.35 (d. IH. H-8). 8.01 (s,lHJH-2). 
ES-MS: 265.2IM+H]. 

25 EXAMPLE 142 

4-Ammo-7-(2,4- C-<iimetfavl-p-D-ribofuranosvlV7H»^ 

NH2 




Ha bH 
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Step A: 5-Deoxv-L2 -0-isopropYlidene>D'XVlofuranose 

l>0-kopropylidene-D-.xylofuranose (38.4 g, 02 mol), 4- 
dimethylaminopyridine (5 g), triethylamine (55.7 mL, 0.4 mol) were dissolved in 
dichloromethane (300 mL). p-ToluenesuIfonyl chloride (38.13 g, 0.2 mol) was added 
5 and the reaction mixture was stirred at room temperature for 2 h. The reaction 

mixture was then poured into saturated aqueous sodium bicarbonate (500 mL) and the 
two layers were separated. The organic layer was washed with aqueous citric acid 
solution (20%, 200 mL), dried (Na2S04) and evaporated to give a soUd (70.0 g). The 
soUd was dissolved in dry THF (300 mL) and UAIEU (16.0 g, 0,42 mol) was added in 
10 portions over 30 min. The mixture was stined at room temperature for 15 h. Ethyl 
acetate (100 mL) was added dropwise over 30 min and flie mixture was filtered 
tittough a silica gel bed. The filtrate was concentiated and tiie resulting oil was 
chromatographed on silica gel (EtOAc/hexane 1/4) to afford the product as a soKd 
(32.5 g). 

15 . . 

StepB: 3.5-Bis-0-f2, ^dichlQrophenvhnetiivlVl-0-metfavl-4>metiivl-.^^ 
ribofuranose 

Chromium oxide (50 g, 0.5 mol), acetic anhydride (50 mL, 0.53 mol) 
and pyridine (100 mL, 1.24 mol) were added to dichlorometfiane (1 L) in an ice water 

20 batii and flie mixture was stirred for 15 min. 5-Deoxy-l,2-0-isopropylidene-D- 
xyloftiranose (32 g, 0.18 mol) in dichloromethane (200 mL) was added, and the 
mixture was stirred at the same temperature for 30 min. The reaction solution was 
diluted with ethyl acetate (1 L) and filtered tfirough a silica gel bed. Hie filtrate was 
concentrated to give a yellow oil. The oil was dissolved in 1,4-dioxane (1 L) and 

25 formaldehyde (37%, 200 mL). The solution was cooled to 0^*0 and solid KOH (50 g) 
was added. The mixture was stined at room temperature overnight and was then 
extracted witii ethyl acetate (6 x 200 mL). After concentration, the residue was 
chromatographed on silica gel (EtOAc) to afford flie product as an oil (1.5 g). The oil 
was dissolved in l-metfiyl-2-pynolidinone (20 mL) and 2,4-dichlorophenylmetfiyl 

30 chloride (4 g, 20.5 mmol) and NaH (60%, 0.8 g) were added. The mixture was stirred 
overnight and diluted with toluerie (100 mL). The mixture was then washed with 
saturated aqueous sodium bicarijonate (3 x 50 mL), dried (Na2S04) and evaporated. 
The residue was dissolved in methanol (50 mL) and HCl in dioxane (4 M, 2 mL) was 
added. The solution was stirred overnight and evaporated. The residue was 
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chromatographed on silica gel (EtOAc/hexane:l/4) to afford the desired product as an 
oil (2.01 g). 

StepC: 3.S-Bis-0-f2,4-dicMorophenv lmethvlV2.4-di-C-methvl>l-^^^ 
5 D-ribofuranose 

The product (2.0 g, 4.0 mmol) from Step B and Dess-Mardn 
periodinane (2.0 g) in dichloromethane (30 mL) were stined overnight at room 
temperature and was then concentrated under reduced pressure. Hie residue was 
triturated with ether ether (50 mL) and filtered. The filtrate was washed with a 

10 solution of Na2S203.5H20 (2.5 g) in saturated aqueous sodium bicutK)nate solution 
(50 mL), dried (MgS04), filtered and evaporated. The residue was dissolved in 
anhydrous Et20 (20 mL) and was added dropwise to a solution of Md^gBr in Et20 (3 
M, 10 mL) at -78 The reaction nodxturc was allowed to warm to -SO^C and stirred 
at -30^C to -15% for 5 h, then poured into saturated aqueous anomonium chloride (50 

15 mL). The two layers were separated and the organic layer was dried (MgS04), filtered 
and concentrated. The residue was chromatographed on silica gel (EtOAc/hexane: 
1/9) to afford the title compound as a syrup (1.40 g). 

SteoD: 4-Chloro-7-r3,5-bis>0-f2,4-dichlorophenvlmethvlV2.4-di-C-methvl>B- 

20 D-ribofuranosvll-7H-pvnDlor2.3-rflpvrimidine 

To the compound from Step C (0.70 g, 1.3 nmiol) was added HBr (5.7 
M in acetic acid, 2 mL). The resulting solution was stirred at room temperature for 1 
h, evaporated in vacuo and co-evaporated with anhydrous toluene (3 X 10 mL). 
4-Chloro-iH-pyrrolo[2.3.d]pyrimidine (0.5 g. 3.3 mmol) and powdered KOH (85%. 

25 150 mg, 2.3 mmol) were stirred in l-methyl-2-pyrrolidinone (5 mL) for 30 min and 
the mixture was co-evaporated with toluene (10 mL). The resulting solution was 
poured into the above bromo sugar residue and the mixture was stirred overnight 
The mixture was diluted with toluene (50 mL), washed with water (3 x 50 mL) and 
concentrated under reduced pressure. The residue was chromatographed on silica gel 

30 eluting with (EtOAc/ Hexane 15/85) to afford a soUd (270 mg). 

StepE: 4-Ammfw7- f2,4-di-C-methvl-B-D>ribQfiifanosvlV7//-ovnolQr2.3- 
djpYrimidine 
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The compound from Step D (270 mg) was dissolved in dioxane (2 mL) 
and liquid ammonia (20 g) was added in a stainless steel autoclave. The mixture was 
heated at lOO^C for 15 h, then cooled and evaporated. TTie residue was 
chromatographed on silica gel (EtOAc) to afford a solid (200 mg). The solid (150 
5 mg) and Pd/C (10% 150 mg) in methanol (20 mL) were shaken under H2 (30 psi) fw 
3 h, filtered and evaporated. The residue was chromatographed on silica gel 
(MeOH/CH2a2: 1/9) to afford die desired product as a soUd (35 mg). 
IH NMR CDMSO-d^: S 0.65 (s, 3H), 1.1 8 (s, 3H), 3.43 (m, 2H), 4.06 (d. IH, J 63 
Hz), 4.87 (s. IH). 5.26 (br, IH), 5.08 (d. IH, 76.3 Hz), 5.25 (t, IH. 73.0 Hz). 6.17 (s, 
10 lH).6.54(d, lH.J3.5Hz),6.97(s.hr,2H).7.54(d. IH, 7 3.4 Hz). 8.02 (s. IH). 
13c NMR (DMSO-J^: 5 18.19. 2U2, 65.38. 73.00, 79.33, 84.80, 90.66, 99.09, 
102.41, 121.90, 149.58, 151.48, 157.38. 

LC-MS: Found: 295.1 (M+H*); calculated for C,3Hi8N40^H*: 295.1 
15 , EXAMPLE 14^ 

fc 

4-Aroino-7-(3Kleoxv-3-fluoro-2-r- metfavl-p-n-rihofuranosvlV7ff-Dvrrolor2,^- 
</lpvTimidine 




Step A: 3-Deoxv-3-fluoro-l-0.meth yi.5-0.tolunvl-a-D.ribofijrann>!ft 

1.2-a-Isopiopylidene-D-xyiofuranose (9.0 g, 50 mmol) and p-toluoyl 
chloride (7.0 mL. 50 mmol) in pyridine (50 mL) were stirred for 30 min. Water (10 
mL) was added and the mixture was concentrated under reduced pressure. The 
residue was dissolved in toluene (500 mL) and the solution was washed with water 
(200 mL) and saturated aqueous sodium bicarbonate (200 mL). The two layers were 
separated and die organic layer was evaporated. The residue was dissolved in 
methanol (100 mL) and HCl in dioxane (4 M, 10 mL) was added. The mixture was 



20 



25 
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Stirred at room temperature overnight and was then evaporated under.ieduced 
pressure. The resulting oil was chromatographed on silica gel (EtOAc/hexane: 1/1) to 
afford an oil (10.1 g). Hie oil was dissolved in dichlcromethane (100 mL) and 
diethylaminosulfiir trifluoride (DAST) (5.7 mL) was added The mixture was stined 
S overnight and was then poured into saturated aqueous sodium bicarbonate solution 
(100 mL). The mixture was extracted with toluene (2 x 50 mL) and the combined 
organic layers were concentrated The residue was chromatographed on silica gel 
(EtOAc/hexane: 15/85) to afford the title compound as an oil (1.50 g). 

10 Step B: 3>Deoxv>3-fluoro-2-C-methvM>0-methvl-5»0-toluovl-a-D» 
ribofuranose 

Hie product firom Step A (1 .0 g, 3.5 mmol) and Dess-Martin 
periodinane (2.5 g) in dichloromethane (20 mL) were stined overnight at room 
temperature and was then concentrated under reduced pressure. The residue was 

15 triturated wiA diethyl ether (SO mL) and filtered The filtrate was washed widi a 
solution of Na2S203.5H20 (f2.5 gj in saturated aqueous sodium bicarbonate (100 
mL), dried (MgS04), filtered and evaporated The residue was dissolved in anhydrous 
THF (50 mL). TiCU (3 mL) and methyl magnesium bromide in ethyl ether (3 M, 10 ' 
mL) were added at -TS^'C and the mixture was stirred at -50 to -30**C for 2 h. The 

20 mixture was poured into saturated aqueous sodium bicarbonate solution (100 mL) and 
filtered through Celite. The filtrate was extracted with toluene (100 mL) and 
evaporated. The residue was chromatographed on silica gel (EtOAc/hexane: 15/85) to 
afford the title compound as an oil (150 mg). 

25 StepC: A-Amtnn,7- (3,deoxv-3-fluQro-2-C-metfavl-p-D-ribofuranosvlV7f^^ 
Dvrrolor2.3-rf]pvrimidine 

Hie product firom Step B (150 mg, 0.5 nmiol) was dissolved in HBr 
(30%) in acetic acid (2 mL). After one hour, the mixture was evaporated under 
reduced pressure and co-evaporated with toluene (10 mL). 4-Chloro-i^f-pyrn>lo[2,3- 
30 iflpyriinidine (0.5 g, 3.3 mmol) and powdered KOH (85%, 150 mg, 2.3 mmol) were 
stirred in DMF (3 mL) for 30 min and the mixture was co-evaporated with toluene (2 
mL). The resulting solution was poured into the above bromo sugar and the mixture 
was stirred overnight The mixture was diluted with toluene (50 mL), washed with 
water (3 x 50 mL) and concentrated under reduced pressure. The residue was 
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chromatographed on silica gel (EtOAc/hexane 15/85) to afford an oH (60 mg). The 
oil was dissolved in dioxane (2 mL) and Uquid ammonia (20 g) was added in a 
stainless steel autoclave. The mixture was heated at 85'C for 18 h, then cooled and 
evaporated. The residue was chromatographed on silica gel 
5 (methanol/dichloromethane: 1/9) to afford the title compound as a solid (29 mg). 
lHNMR(DMSO-i/^:S0.81 (s. 3H), 3.75 (m, 2H), 4.16 (m. lH).5.09(dd, 1H.7 
53.2, 7.8 Hz). 5.26 (br, IH), 5.77 (s. IH), 6.15 (d, IH. J 2.9 Hz), 6.59 (d, IH. J 3.4 
Hz). 7.02 (s br. 2H). 7.39 (d. IH. 73.4 Hz). 8.06 (s. IH). 
13c NMR (DMSO-£y: 19.40. 59.56. 77.24. 79.29. 90.15. 91.92. 99.88. 102.39. 
10 121.17. 149.80, 151.77, 157.47. 
19f NMR (DMSO-dg): 5 14.66 (m). 

ES-MS: Found: 283.1 (M+ET); calculated for C12H15FN4O3+H': 283.1. 

EXAMPLE 144 

15 

8-Amino-2'.C-methYl«Hftnosine 




Step A: 8-Bromo-2'-C-methvladennRmft 

To a solution of 2'-C-melhyladenosine [for preparation, see J.Med. 

20 Qiem. 41 : 1708 (1998)] (138 mg, 0.5 mmol) in DMF (4 mL) was added N- 

hromosucdnimide (231 mg, 135 mmol). The solution was stined protected fiom 
light at rt for 2 d and then evaporated in vacuo. The crude product was purified on a 
siUca gel column (3 x 9 cm) using dichloromethane/methanol (25/1, 20/1 and 15/1) as 
eluent Fractions containing the product were pooled and evaporated in vacuo to give 

25 the desired product (38 mg) as a white solid. 

StepB: 8-Amino-2'-C-methvla<tennfiinft 
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A solution of the conqiound £cQm Step A (38 mg, 0.11 mmol) in liquid 
ammonia (10 mL) was heated in a stainless steel autoclave at ICS "C for 1 d. thm 
cooled and evaporated, llie residue was purified by UPLC [C-18 Phenomenex Luna 
(10 ji; 250 X 21.2 mm) RP-column; solvents: (A) water, (B) acetonitrile; linear 

5 gradient: 2-35% Bin 76 min.] to yield the title compound (12 mg) as a white fluffy 
material after fieeze-drying. 

'H NMR (DMSO-£fe): 5 0.70 (s, 3H, Me). 3.55-3.75 (m, 3H, H-5', H-5", H-4'). 4.03 
(m. IH. H-3*). 4.81 (s, IH, 2'-OH), 5.10 (d, IH. 3'-OH). 5.45 (t, IH, 5'-OH). 5.86 (s, 
IH. H-D. 630, 6.39 (2s, 6H, 2 NH2), 7.78 (8, IH, H.2). 
10 . ES-MS: Found: 295.0 (M-IT). 

EXAMPLE 145 

4-Amino-7-(2-C.2-0^iimethvl-B-D-ribofiiranosvlV7 g-iivrrolof23-/f|pv^ 



15 




\_fCH3 



Step A: 4-chloro-7-r3.5-bis-0-f2.4-dichlorophenvhnethvlV2-C.2.r)-dimethy|. 
B-D-ribofliranosvn-7g-pvrrolor2.3-<f1pvriniidine 
To a pre-cooled (O'C) solution of the compound from Example 62, 
Step D (618 mg, 1.0 mmol) in THF (8 mL) was added methyl iodide (709 mg, 5.0 

20 nunol) and NaH (60% in mineral oil) (44 mg, 1.1 mmol). The resulting mixture was 
stilted overnight at rt and then poured into a stirred mixture of saturated aqueous 
ammonium chloride (50 mL) and dichloromethane (50 mL). The organic layer was 
washed witii wato: (50 mL), dried (MgS04) and evq>orated in vacuo . The resulting 
crude product was purified on silica gel using ethyl acetate/hexane as the eluent. 

25 Fractions containing the product were pooled and evqwrated in vacuo to give the 
desired product (735 mg) as a colorless foam. 
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StepB: 4-amino-7-r3,5-bis^O-(2.4-dlchlon)Phenv]metfavlV2-C^ 
B-D>ribofuranos vlV7Jy>.pY rml or23-rflpvrimidine 
To the compound from Step A (735 mg, 1.16 mmol) was added 

methanolic ammonia (saturated at 0°C) (20 mL). The mixture was heated in a 
5 stainless steel autoclave at SO'^C overnight, then cooled and the content evaporated hi 

vacuo. The crude mixture was purified on silica gel using ethyl acetate/hexane as the 

eluent. Fractions containing the product were pooled and evaporated in vacuo to give 

the desired product (504 mg) as colorless foam. 

10 SteaC: 4-amino-7-f2-C.2-Q-^methvl-f Ul>ribofurano!^^^ 
rflp^iimidine 

A mixture of the product from Step C (64 mg, 0*1 mmol), MeOH (5 
mL), EtaN (0.2 mL) and 10% Pd/C (61 mg) was hydrogenated on a Parr hydrogenator 
at 50 psi at room temperature overnight TTie mixture was filtered thiought celite, 

15 evaporated in vacuo and filtered through a pad of silica gel using 2% methanol in 
dichloromethane as eluent The desired product was collected and evq)orated in 
vacuo. Hie compound was redissolved in methanol (10 mL) and 10% Pd/C (61 mg) 
was added. The mixture was hydrogenated on a Parr hydrogenator at 55 psi at room 
temperature for two weeks. The mixture was filtered through celite, evaporated m 

20 vacuo and purified on silica gel using 10% methanol in dichloix>methane as eluent 
Fractions containing the product were pooled and evaporated in vacuo to give tiie 
desired product (1 10 mg) as a colorless foam. 

IH NMR (DMSO^): 5 0.68 (s, 3H,), 3.40 (s, 3H), 3.52-3.99 (overlapping m. 4H), 
4.92 (d. IH), 5.07 (t, IH), 6.26 (s, IH), 6.55 (d, IH), 7.00s hr, 2H). 7.46 (d, IH), 8.05 
25 (s, IH), 

LC-MS: Found: 293.1 (M-H+); calc. for C12H16N4O4-H+: 293.12. 

EXAMPLE 146 

30 4-Methvlam ino>7-f2-C-methvl-B-D-ribofuranosvlV7g^pvrro 
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15 




NHMe 



•N 

\_>CH3 

The compound from Step E of Example 62 (200 mg, 0.67 mmol) was 
added to methylamine (5 mL condensed in a small stainless steel autoclave) and 
wanned at SS'C for 48 h, then cooled and evaporated in vacuo . The crude mixture 
5 was puiified on a silica ^1 with ethanol as tfie eluent to give the title compound 
which sqparated as an amorphous solid after treatment with MeCN. The amorphous 
soUd was dissolved in water and lyophilized to give a colorless powder (144 mg). 
IH NMR (DMS0-4s): 8 0.63 (s. 3H, CSfe), 3.32 (s, 3H. N CH3). 3.58-3.67 (m. IH, H- 
5'X 3.79-3.39 (m, 3H, H-5»„H-4', H-3'), 5.03 (s, IH. 2'-OH), 5.04-5.11 (1H.3*-QH. 
10 IH. 5'-OH), 6.14 (s, IH, H-l '). 6.58 (d, IH. Jj^e = 3.6 Hz. H-5), 7.46 (d. IH, H-6). 
7.70 (br s, IH. NH), 8.14 (s, IH. H-2). 

LC-MS: Found: 295.1 ^-H+); calc. for C13H18N4O4+H+: 294.3. 



EXAMPLE 147 

4-ramftthYlaiinmo-7-(2-C- methvi-B-D-ribofiiranosvlV7g-Pvnplor2.3-<flpv^ 

NMes 




H<5 t)H 

llie compound from Step E of Example 62 (200 mg, 0.67 mmol) was 
added to dimetbylamine (5 mL condensed in a small stainless steel tiutoclave) and 
20 wanned at 85°C for 48 h, then cooled and evaporated in vacuo . The crude mixture 
was purified on a silica gel with ethanol as the eluent to give the title compound . 
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which separated as an amorphous solid after treatment with MeCN. The amorphous 
solid was dissolved in water and lyophilized to give a colorless powder (164 mg). 
IH NMR (DMS0-4f): 5 0.64 (s, 3H, CH3), 3.29 (s, 3H, N CH3), 3.32 (s, 3H, N CHj), 
3.60-3.66 (m. IH, H-5'). 3.77-3.97 (m, 3H, H-5", H-4'. H-3*), 5.04 (s, IH. 2'-OH). 
5 5.06-5.11 (IH. 3'OH. IH. S'-OH). 6.21 (s. IH. H-l'). 6.69 (d. IH. 756 = 3.6 Hz. H- 
5), 7.55 (d. IH. H-6). 8.13 (s. IH, H-2). 

LC-MS: Found: 309.3 (M-H+); calc. for C14H20N4O4+H+: 308.33. 

EXAMPLE UR 

10 

4-CYclopropYlamino-7-(?.r-metfavl.B-D-ril^fi.r aposvlV7ff-nvm.lof2.3-rflHvri 




The compound fiom Step E of Example 62 (200 mg, 0.67 mmol) was 
added to cyclopropylamine (5 mL condensed in a small stainless steel autoclave) and 

15 warmed at 85»C for 48 h, then cooled and evaporated in vacuo . The erode mixture 
was purified on a silica gel with ethanol as the eluent to give the tide compound 
which separated as an amorphous solid after treatment with MeCN. Hie amorphous 
solid was dissolved in water and lyophilized to give a colorless powder (148 mg). 
IH NMR (DMSO-^): 5 0.51- 0.58 (m. 2H), 0.64 (s. 3H. CH3). 0.74- 0.076 (m, 2H), 

20 3.62-3.67 (m. IH. H-5'), 3.79-3.82 (m. 3H. H-5"). 3.92-3.96 (m. H^'. H-S'). 5.03 (s, 
IH. 2'-OH). 5.05-5.10 (IH, 3'-0H, IH. 5'-OH). 6.15 (s. IH, H-l'). 7.48 (d. IH. 755 = 
3.6 Hz. H-5). 7.59 (d. IH. H-6). 8.13 (s. IH, H-2). 
LC-MS: Fbund: 321.1 (M.H+); calc. for C15H20N4O4+H+: 320.3. 

25 EXAMPDB149 

4-Amino-7-f3-C-metfavl-B-n-v ylofuranosvlV7jy-Dvmlor2/>-/flp YriTn,Hin.^ 
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5 V 

Me OH 



Step A: 742J>Bis-0-ftgrr-butvldimetfavlsilvlVB-D-ribolurano^^^^ 

methoxvphenvndiphenvlmethvnamino-7/^pmolor23-{flpvrim 
and7-r3,5-bis-0-frgrr-biitvldimethvlsUvlVB-D-ribofu^ 
5 methoxvphenvndiphenv lmethvl]ami no-7g-pvirolor2J'^PTO 

To a solution of mixtme of the compounds from Step A of Examples 
140 and 141 (0.32 g, 0.65 mmol) in anhydrous pyridine (6 mL) was added 
monomethoxytrityl chloride (0.30 g, 0.98 mmol) and the reaction mixture was stined 
at room temperature overnight. The mixture was Aen concentrated and the residue 
10 was partitioned between CH^Cl2 (70 mL) and v/ater (20 mL). The oiganic layer was 
washed with wat^ and brine, dried (Na2S04) and concentrated. The residue was 
purified on silica gel column using 5-13% EtOAc in hexanes as the eluent The 
appropriate fractions were coDected and concentrated to furnish 2%5'-bis-0-(re^- 
butyldimethylsilyl)- and 3' ,5'-bis-0-(rerf-butyldimethylsilyl) protected nucleosides as 
1 5 colorless foams (343 mg and 84 mg, respectively). 



Step B: 7-r2.5-Bis-Q-(rgrf-butvldimetfaylsilvlVP-D-grv^Ar^pentofiiranos-3- 
ulosvl1-4-r(4-methoxvphenvlMphenvlmethv11amin(v7tf-pvrrolor23- 
rf|pyriTnidiTie 

20 To a well-stined suspension of chromium trioxide (91 mg, 0.91 mmol) 

in CH2CI2 (4 mL) at O^'C were added pyridine (147 (iU 1.82 nunol) and thra acetic 
anhydride (86 pL, 0.91 mmol). The mixture was stirred at room temperature for 0.S 
h. Then the 2\5*-bis-0-(rerr-butyldimethylsilyl) protected nucleoside from step A 
(343 mg 0.45 mmol) in CH2CI2 (2.5 mL) was added and the mixture stirred at room 

25 temperature 2 h. Hie mixture was then poured into ice-cold EtOAc (10 mL) and 

filtered through a short silica gel column using EtOAc as the eluent. Hie filtrate was 
evaporated and the residue purified on a silica gel column with hexanes and 
hexanes/EtOAc (7/1) as the eluent to give the title compound (180 mg). 
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StepC: 742.5->Bis^O -frgrr-butvldimethvlsilvn-3-C-methvl--B-D-ribof^ 
4-r(4-methQ K\phenvl)diphenvlmethvnamino-7g-p\Trolor23- 
gnpvrimidme an d 7-r2.5-Bis-Q-f/erf-butvldimethvlsilvlV3-C-methvl-p- 
D-xvlofuranos vn^rf4-methoxvphenvndiphenvlmethv]lflm 
5 Pvrrolor2.3-Jlpvrimidiiie 

To a mixture of MeMgBr (3.0 M solution in ether, 0.17 mU 0.5 mmol) 
in anhydrous hexanes (1.5 mL) at room temperature was added diopwise a solution of 
the co^^)ound from Step B (78 mg, 0.1 mmol) in anhydrous hexanes (0.5 mL). After 
2 h stirring at room temperature, the reaction mixture was poured into ice-cold water 
10 (10 mL) and diluted with EtOAc (20 mL), then filtered through Celite which was flien 
thoroughly washed with EtOAc. The layers were separated and the organic layer was 
washed with brine, dried (Na2S04) and concentrated. The residue was purified on a 
silica gel column using 8 to 25% EtOAc in hexanes as eluent to give the 3-C-methyl 
xylo- (60 mg) and the 3-C-methyl ribo-isomer (20 mg), 

15 

•1 

StepD: 4-Amino-7- Q-C-meflivl-B-D-xvlofuranosvlV7//-Dvrrolor2-3- 
dtavrimidine 

To an ice-cold solution of 3-C-methyl-x)io isomer fam Step C (60 
mg, 0.08 mmol) in THF (2 mL) was added TBAF (1 M in THF; 0.32 mL, 0.32 mmol). 

20 The reaction mixture was stirred at room temperature for 5 h, then dUuted with 

CH2CI2 (50 mL), washed with water (3 x 15 mL), dried,and evqwrated. The residue 
was dissolved in dioxane (0.3 mL) and 80% acetic acid (3 mL) was added. The 
reaction mixture was stirred at room temperature for 1 d and then evaporated. The 
residue was co-evaporated with dioxane, taken up in water (50 mL) and washed with 

25 CH2CI2 (2 X 10 mL). TTie aqueous layer was concentirated and then fteeze-dried. The 
residue was purified on silica gel column with CH2Cl2/MeOH (20/1 and 10/1) as the 
eluent to give the tide compound as a white fluffy compound aftw fieeze drying (10 
mg). 

IH NMR (dbCN): 5 1.28 (s. 3H, CH3). 3.56 (br s. IH, OH). 3.78 (m. 3H, H-4', H- 
30 5', Hr5"), 4.10 (br s. IH, OH), 4.44 (d, IH. Jrv = 3.9 Hz. H-2'), 5.58 (d, IH, H-l'). 
5.85 (br s, 2H. NH2), 6.15 (br s, IH, OH). 6.48 (d, IH, J5.6 = 3.7 Hz, H-5), 7.23 (d, 
IH. H-6). 8.11 (s, IH. H-2). ES-MS: 281 [MH]*. 

35 
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15 



EXAMPLE 150 

4-Amino-7-^3-C-meth^d-B -I%ribofuranosvlV7g-pvirolor23-£nDvri 




5 HO t>H 

The ribo-isomer (20 mg) from Step C of Example 149 was deprotected 
using the piocedme described in Step D of Example 32 to yield the title compound (4 
mg). 

IHNMR (CD3CN): 5 1.43 (s, 3H, CH3), 3.28 (hr s. IH, OH), 3.58 (m, 2H, H-5'. H- 
10 5"), 3.99 ( m, IH, H-4'), 4.10 (hr s, IH, OH). 4.62 (d, IH, Jxy = 8.1 Hz, H-2'), 5.69 
(d. lH,H-r), 5.88 (brs,3H; OH. NH2). 6.45 (brs, 1H,0H), 6.51 (d. lH,Jj^ = 3.7 
Hz. H-5), 7.19 (d. IH, H-6), 8.12 (s, IH, H-2). ES-MS: 281 [Kffl]*. 



EXAMPIJE151 

2.4-Diamino-7-f2-C-methvl-p-D-ribofuranosvlV7g-pvrrolor2.3-Jlpvrimidine 




HO'A.O^ N"^NH2 
Hd OH 

A mixtuie of the product £rom Step B of Example 1 18 (24 mg) in 
aqueous ammonia (30%, 10 mL) was heated in a stainless steel autoclave at 100 
20 overnight, then cooled and evaporated The residue was- purified on a silica gel 

column with CH2Cl2/MeOH (10/1 and S/1) as the eluent to afford the tide compound 
(15 mg). 



-182- 



wo 02/057425 PCT/US02/01531 



IH NMR (DMS0-4s): 5 0.68 (s. 3H, CH3). 3.48-3.58 (m IH, H-5'). 3.68-3.73 (m. 2H, 
H-5". H-4'). 3.84 (m, IH. H-3'). 4.72 (s. IH, 2'-0H). 4.97-5.03 (m, 2H, 3'-0H, 5'- 
OH), 5.45 (br s, 2H. NHj). 6.00 (s, IH, H-l'), 6.28 (d, IH, 7= 3.7 Hz, H-5), 6.44 (br 
s, 2H, NH2) 6.92 (d, 1H7= 3.7 Hz, H-6). 
5 ES MS: 294.1 (M-H*). 

EXAMPLE 152 

4-Amtoo-2-fluoro-7-f2-r-methvI-B-D-ri hofmmosvlV7ff-iiv^ 

NH2 



20 




10 ? Hcf bH 

To a solution of HF/pyridine (70%, 2 mL) diluted with pyridine (1 mL) 
at -30 °C is added the compound of Example 151 (60 mg, 0.2 mmol) in 0.5 mL 
pjnridine foUowed by tert-butyl nitrite (36 pL, 0.3 mmol). Stirring is continued for 5 
min -25 Then the solution is poured into ice-water (5 mL), neutralized with 2 N 
15 aqueous NaOH, and evaporated to dryness. The residue is purified on a silica gel 
column with CH2Cl2/MeOH (20^1 and 10/1) as the eluent to afford the title 
compound. 



EXAMPLE H:^ 

4-Amino-5-fluoTO-7-f2-C-methvl-B.D-ribofara qosvlV7jy-pviTOlor2.3-rf1iTvriiT.i^ |n^^ 

F NH2 



r 11 J 



HO OH 
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Step A: 4-Acetvlaimno-7-f2.3.5-tri-0-acetvl-2>C'methvl-B-D-ribofbranQ.^^ 
7/f-pvrrolof23-rflpY riTnidine 

To a solution of the compound finom step F of Example 62 (280 mg, 
1.00 mmol) in pyridine is added acetic anhydride (613 mg. 6.0 mmol). The resulting 
5 solution is stirred overnight at ambient temperature evaporated in vacuo and the 
resulting crude mixture is purified on silica gel using ethyl acetate/hexane as the 
eluent. Fractions containing the desired product are pooled and evaporated in vacuo 
to give the desired product 

10 StepB: 4-Acetvlamino-5-bromo-7-(23.5-tri-0-acetvl-2-C-methvl-6-E>- 
ribofuranosvlV7i/-pvrrolor23«>rflpY rimidine 

To a pre-cooled (O'^C) solution of the compound from Step A (460 mg, 
1.00 mmol) in DMF is added JV-bromosuccinimide (178 mg, 1.0 namol) in DMF. The 
resulting solution is stirred at O'^C for 30 min then at room temperature for another 30 
15 min. The reaction is quenched by addition of methanol and evaporated in vacuo . The 
resulting crude mixture is purified on silica gel using etfiyl acetate/hexane as the 
eluent. Fractions containing the desired product are pooled and evaporated in vacuo 
to give the desired product. 

20 StepC: 4-Aiiiino-5>fluoro-7-f2-C>methvl>B-D-ribofuranosvlV7/^pvm 
Jlpvrimidine 

To a pre-cooled (-78°C) solution of the compound from Step B (529 
mg, 1.00 nunol) in THE is added butyl lithium (2M in hexanes) (0.5 mL, 1.00 mmol). 
The resulting solution is stirred at -78T for 30 min and then quenched with 

25 fiuorobenzensulfonimide (315 mg, 1.00 mmol) in TNF. The resulting solution is very 
slowly allowed to come to ambient temperature and then poured into a stirred mixture 
of saturated aqueous ammonium chloride and dichloromethane. The organic phase is 
evaporated in vacuo and treated with ammonium hycboxide at 55*^0 in a closed 
container overnight. The resulting crude mixture is purified on silica gel using 

30 dichloromethane/methanol as the eluent. Fractions containing the desired product are 
pooled and evirated in vacuo to give the desired product. 
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EXAMPT.P. 154 

4-Aininc)-l-(2-C-methvl-6- D.ribofijimiosvlVlj/-pvra7.o1or3.4-tflDvrim 




5 Step A: 4-Anuno-l-r3.5-bis-0-f2.4 -dichlorophRnvlmethvlV2-C-metbvl-B-D- 
ribofuranosvn-i/f-DvrazQlor3.4-/f1pY rimiriinft 
To Ae compound fixjm Step C of Bcample 62 (1.00 g, 2.02 mmol) in 
dichloromethane (20 mL) was bubbled HBr gas for 5 min until it was saturated. The 
resulting solution was stined at room temperature for 10 min, evirated in vacuo 
10 and coevaporated with anhydrous toluene (10 mL). 4-Ammo-li5r-pyrazolo[3,4- 
Jlpyrimidine (Aldrich, 0.43 g, 3.18 mmol) and NaH (60%, 150 mg, 3.8 mmol) were 
stirred in l-methyI-2-pyrrolidinone (10 mL) for 30 min. The resulting solution was 
poured into the above bromo sugar residue and the mixture was stirred overnight. 
The mixture was diluted with toluene (50 mL), washed with brine (10%, 3x50 mL) 
15 and concentrated under reduced pressure. The residue was chromatographed on silica 
gel (EtOAc as eluent) to afford a solid (400 mg). 

StepB: 4-AnMno>l-f2-C-methvUB-D- TibofuranQsvlVl//.Dvrazolor3.4- 
£flpYrimidine 

20 To a solution of tiie compound from Stq) A (0.20 g, 033 mmol) in 

dichloromethane (10 mL) at -78°C was added boxon trichloride (IM in 
dichloromethane) (3 mL, 3 nrniol) dropwise. The mixture was stirred at -78®C for 0.5 
h, then at -45°C to -30''C for 2 h. The reaction was quenched by addition of sodium 
acetate (1.0 g) and methanol (10 mL). The solution was evaporated and die residue 

25 was purified by flash chromatography over silica gel using CH2Cl2'and 

CHaCb/MeOH (95:5-90:10) gradient as die eluent to furnish the desired compound 
(60 mg) as a solid, which was recrystallized from methanol and acetonitrile to give the 
tide compound as an off-white solid (40 mg). 
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NMR (DMSO-d^: 5 0.75 (s. 3H), 3.59 (m, IH), 3.69 (m, IH), 3.91 (m. IH), 4.12 
(m, IH). 4.69 (t, IH, J 5.1 Hz). 5.15 (m, 2H), 6.13 (s, IH), 7.68 (s, br. IH). 7.96 (s. hr. . 
IH). 8.18 (S.1H). 8.21 (S.1H). 

^^C NMR (DMSO^^: 19.32, 62.78, 74.11, 78.60, 83.65, 90.72, 99.79. 133.50. 
5 153.89. 156.21, 158.05. 

LC-MS: Found: 282.1 (M+H^; calculated for CnHi5N504+H*^: 282.1. 

BIOLOGICAL ASSAYS 

10 The assays employed to measure the inhibition of HCV NS5B 

polymerase and HCV replication aie described below. 

The effectiveness of the compounds of the preset invention as 
inhibitors of HCV NS5B RNA-dependent RNA polymerase (RdRp) was measured in 
the following assay. 

15 

A. Assay for Inhibition of HlCV NS5B Polymerase: 

This assay was used to measure the ability of the nucleoside 
derivatives of the present invention to inhibit the enzymatic activity of the RNA- 
dependent RNA polymerase (NS5B) of the hepatitis C virus (HCV) on a heteromeiic 
20 RNA template. 

Procedure: 

Assay Buffer Conditions: (50 (iL -total/reaction) 
20mMTris,pH7.5 
25 50fiMEDTA 
5mMDTr 
2mMMgCl2 
SOmMKCI 

0.4 W\xL RNAsin (Promega, stock is 40 units/^L) 
30 0.75 tSOO (a 500-nt RNA made using T7 nmoflf transcription with a sequence 
from the NS2/3 region of the hepatitis C genome) 
1 .6 ^g piirified hepatitis C NS5B (form with 21 amino acids C-tenninally 
truncated) 

. 1 (iM A.C.U,GTP (Nucleoside triphosphate mix) 
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[alpha-^2p]-GTP or [alpha-^¥]-GTP 

The compounds were tested at various concentrations up to 100 pM 
final concentration. 

An appropriate volume of reaction buffer was made including enzyme 
5 and template tSOO. Nucleoside derivatives of the present invention were pipetted into 
the wells of a 96-well plate. A mixture of nucleoside triphosphates (NTP's), 
including the radiolabeled GTP, was made and pipetted into the wells of a 96-well 
plate. The reaction was initiated by addition of the enzyme-template reaction solution 
and allowed to proceed at room temperature for 1-2 h. 
10 The reaction was quenched by addition of 20 jiL 0.5M EDTA, pH 8.0. 

Blank reactions in which the quench solution was added to the NTPs prior to the 
addition of the reaction buffer were included 

50 jiL of the quenched reaction were spotted onto DE81 filter disks 
(Whatman) and allowed to dry for 30 min. The filters were washed with 0.3 M 
15 ammonium formate, pH 8 (150 mUwash until the cpm in 1 mL wash is less than 100, 
usually 6 washes). The filtets werfe counted in 5-mL scintillation fluid in a 
scintillation counter. 

The percentage of inhibition was calculated according to the following 
equation: % Inhibition = [l-(cpm in test reaction - cpm in blank) / (cpm m control 
20 reaction - cpm in blank)] x 100. 

Representative compounds tested in the HCV NS5B polymerase assay 
exhibited ICso's less than 100 micromolar. 

B, Assay for Lihibition of HCV RNA Replicatjonr 

25 The compounds of the present invention were also evaluated for their 

ability to affect the replication of Ifepatitis C Virus RNA in cultured hepatoma (HuH- 
7) cells containing a subgenomic HCV Replicon. The details of the assay are 
described below. Hiis Replicon assay is a modification of that described in V. 
Lohmann, F. Komer, J-O. Koch, U. Hferian, L. Theihnann, and R. Bartenschlager, 

30 •'Replication of a Sub-genomic Hepatitis C Virus RNAs in a Hepatoma Cell Line,'' 
Scignce 285: 110 (1999). 

Protocol: 

The assay was an in situ Ribonuclease protection, Scintillation 
35 Proximity based-plate assay (SPA). 10,000 - 40,000 cells were plated in 100-200 ^iL 
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of media containing 0.8nig/niL G418 in 96-well cytostar plates (AmershamX 
Compounds were added to cells at various concentrations up to 100 fiM in 1% DMSO 
at time 0 to 18 h and then cultured for 24-96 h. Cells were fixed (20 min, 10% 
formalin), penneabilized (20 min, 0,25% Triton X-IOO/PBS) and hybridized 
5 (overnight, SO'^C) with a single-stranded ^^P RNA probe complementary to the (+) 
strand NS5B (or other genes) contained in the RNA viral genome. Cells were 
washed, treated with RNAse, washed, heated to 65**C and counted in a Top-Count 
Inhibition of replication was read as a decrease in counts per minute (cpm). 

Human HuH-7 hepatoma cells, which were selected to contain a 
10 subgenomic replicon, carry a cytoplasmic RNA consisting of an HCV 5* non- 
translated region (NTR). a neomycin selectable marker, an EMCV IRES Ontemal 
ribosome entry site), and HCV non-structural proteins NS3 tiirough NS5B, followed 
by the 3' NTR. 

Representative compounds tested in the rq>lication assay exhibited 
IS ECso^s less than 100 microniolar. 

The nucleoside derivatives of the present invention were also evaluated 
for cellular toxicity and anti- viral specificity in the counterscreens described below. 

20 C. COTJNTERSrRFFMfg' 

The ability of the nucleoside derivatives of the present invention to 
inhibit huinan DNA polymerases was nieasured in the following assays. 

a. Inhibition of Hmnfln PNA Polvmerases alpha and beta: 

25 

Reaction Conditions: 
SO fih reaction volume 

Reaction buffer components: 
30 20mMTris-HCl,pH7,5 

200 /ig^niL bovine serum albumin 

lOOmMKQ 

2 mM P-mercaptoethanol 

lOmMMgClz 
35 1.6 ftM dA, dG, dC, dTTP 
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a-^^-dATP 
Enzyme and template: 

0.05 mg/mL gapped fish spenn DNA template 
5 0.01 WiiL DNA polymerase a or P 

Preparation of papped fish snerm DNA template: 
Add 5 jtiL IM MgCl2 to 500 iiL activated fish sperm DNA (USB 70076); 
Warm to STC and add 30 jtdL of 65 U//iL of exonuclease m (GibcoBRL 18013-011); 
10 Incubate 5 min at 37*'C; 

Terminate reaction by heating to 65 ^^C for 10 min; 

Load 50-100 fiL aliquots onto Bio-spin 6 chromatography columns ^io-Rad 732- 
6002) equilibrated with 20 mM Tris-HCl, pH 7.5; 
Elute by centiifiigation at l,000Xg for 4 min; 
15 Pool eluate and measure absprbance at 260 lun to determine concentration. 

J? 

The DNA teniplate was diluted into an appropriate volume of 20 mM 
Tris-HCl, pH 7.5 and the enzyme was diluted into an appropriate volume of 20 mM 
Tris-HCl, containing 2 mM 3-mercaptoethanol. and 100 mM KQ. Template and 

20 enzyme were pipetted into microcentrifuge tubes or a 96 well plate. Blank reactions 
excluding enzyme and control reactions excluding test compound were also prepared 
using enzyme dilution buffer and test compound solvent, respectively. The reaction 
was initiated with reaction buffer with components as listed above. The reaction was 
incubated for 1 hour at 37°C. The reaction was quenched by the addition of 20 fiL 

25 0.5M EDTA. 50 iiL of the quenched reaction was spotted onto Whatman DE81 filter 
disks and air dried. The filter disks were repeatedly washed with 150 mL 0.3M 
ammonium formate, pH 8 until 1 mL of wash is < 100 cpm. The disks were washed 
twice with 150 mL absolute ethanol and once with 150 mL anhydrous ether, dried and 
counted in S mL scintillation fluid. 

30 The percentage of inhibition was calculated according to tixe followmg 

equation: % inhibition = [l-(cpm in test reaction - cpm in blank)/(cpm in control 
reaction - cpm in blank)] x 100. 

b. Inhibition of Human DNA PolvmeraRe pamma * 
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The potential for inhibition of human DNA polymerase ganmia was 
measured in reactions that included 0.5 ng/ pL enzyme; 10 pM dATP, dGTP, dCTT, 
and TIP; 2 pCi/reaction [a-^^P]-dATP, and 0.4 /ig/pL activated fish sperm DNA 
(purchased from US Biochemical) in a buffer containing 20 mM Tris pH8, 2 mM P- 
5 mercaptoethanol, 50 mM KCl. 10 mM MgCl2, and OA ng/pL BSA. Reactions were 
allowed to proceed for 1 h at 37°C and were quenched by addition of 0.5 M EDTA to 
a final concentration of 142 mM. Product formation was quantified by anion 
exchange filter binding and scintillation counting. Compounds were tested at up to 50 

10 The percentage of inhibition was calculated according to the following 

equation: % inhibition = [l-(cpm in test reaction - cpm in blank)/(cpm in control 
reaction - cpm in blank)] x 100. 

The ability of the nucleoside derivatives of the present inventicm to 
15 inhibit HTV infectivity and HIV spread was measured in the following assays. 

c, HIV Infectivity Assay 

Assays w«e perfonned with a variant of HeLa Magi cells expressing 
both CXCR4 and GCR5 selected for low background P-galactosidase (P-gal) 
20 expression. Cells were infected for 48 h, and P-gal production from the mtegrated 
HIV-1 LTR promoter was quantified vnth a chemiluminescent substrate (Galactolight 
Plus, Tropix, Bedford, MA). Inhibitors were titrated (in duplicate) in twofold serial 
dilutions starting at 100 jiM; percent inhibition at each concentration was calculated 
in relation to the control infection. 

25 

d. Inhibition of HTV Spread 

The ability of the compounds of the present invention to inhibit the 
spread of the human immunedeficiency virus (HIV) was measured by the method 
described in U,S. Patent No. 5,413,999 (May 9, 1995), and J.P.Vacca, et al., Proc, 
30 Natl. Acad. Sci.. 91: 4096-4100 (1994). which are incorporated by reference herein in 
their entirety. 

The nucleoside derivatives of the present invention were also screened 
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for cytotoxicity against cultured hepatoma (HuH-7) cells containing a subgenomic 
HCV Replicon in an MTS ceU-based assay as described in the assay below. The 
HuH-7 cell line is described in H. Nakabayashi, et al.. Cancer Res ,. 42: 3858 (1982). 

5 Si Cytotoxicity assav: 

Cell cultures were prepared in appropriate media at concentrations of 
approximately 1.5 x 10^ cells/mL for suspension cultures in 3 day incubations and 5.0 
X 10^ cells/mL for adherent cultures in 3 day incubations. 99 pL of cell culture was 
transferred to wells of a 96-well tissue culture treated plate, and 1 |iL of 100-times 

10 final concentration of the test compound in DMSO was added. The plates were 
incubated at 37''C and 5% CO2 for a specified period of tune. After the incubation 
period, 20 pL of CellTiter 96 Aqueous One Solution Cell Proliferation Assay reagent 
(MTS) (Promega) was added to each well and the plates were incubated at 37°C and 
5% CO2 for an additional period of time up to 3 h. The plates were agitated to mix 

15 well and absoibance at 490 jan was read using a plate reader. A standaid curve of 
suspension culture cells wa^prepared witti known cell numbers just prior to the 
addition of MTS reagent Metabolically actiye cells reduce MTS to formazan. 
Formazan absoibs at 490 mn. The absorbance at 490 nm in the presence of 
compound was compared to absorbance in cells without any compound added. 

20 Reference : Cory, A. H. et al., "Use of an aqueous soluble tetrazolium/formazan assay 
for cell growth assays in culture " Cancer Cnmrnim 3: 207 (1991). 

The following assays were employed to measure the activity of the 
compounds of the present invention against other RNA-dependent RNA vimses: 

25 

a. Determination of In Vitro Antiviral Activity of Compounds Against Rhinovims 
fCvtopathic Effect Miibition Assay): 

Assay conditions are described in the article by Sidwell and Huffioaan, 
"Use of disposable microtissue culture plates for antiviral and interferon induction 
30 studies," AppI. MicmbioL 22: 797-801 (1971). 

Viruses: 

Rhinovims type 2 (RV-2). strain HGP, was used with KB cells and media (0.1% 
NaHCOa, no antibiotics) as stated in the Sidwell and Huffman reference. The virus, 
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obtained firom the ATCC, was from a throat swab of an adult male with a mild acute 
febrile upper respiratory illness. 

Rhinovirus type 9 (RV-9), strain 21 1, and riiinovirus type 14 (RV-M), strain Tow, 
were also obtained from the American Type Culture Collection (ATCC) in Rockville, 
5 MD. RV-9 was from human throat washings and RV-14 was from a throat swab of a 
young adult with upper respiratory illness. Both of these viruses were used with HeLa 
Ohio-1 cells (Dr. Peed Hayden, Univ. of VA) which were human cervical epitheloid 
carcinoma cells. MEM (Eagle's minimum essential medium) with 5% Fetal Bovine 
serum OFBS) and 0.1% NaHCOa was used as the growth medium. 
10 Antiviral test medium for all three virus types was MEM with 5% EES, 0.1% 
NaHCOs, SO gentainicin/inL, and 10 mM MgCl2. 

2000 jig/mL was the highest concentration used to assay the compounds of the present 
invention. Virus was added to the assay plate approximately 5 min after the test 
compound. Proper controls were also run. Assay plates were incubated with 
15 humidified air and 5% CO2 fit 3TC. Cytotoxicity was monitored in die control cells 
microscopically for morphofogic changes. Regression analysis of the virus CPE data 
and the toxicity control data gave the ED50 (50% effective dose) and CC50 (50% 
cytotoxic concentration). The selectivity index (SI) was calculated by the formula: SI 
= CC50-rED50. 

20 

b. Determinatinn of In Vitro Antiviral Activity of Compounds Against Dengue, 

Banzi. and Yellow Fever (CPE Inhibition Assav^ 

Assay details are provided in the Sidwell and Hufifinan reference above. 

Viruses: 

25 Dengue virus type 2, New Guinea strain, was obtained from the Center for Disease 
Control. Two lines of African green monkey kidney cells were used to culture the 
virus (Vero) and to perform antiviral testing (MA-104). Botii Yellow fever virus, 17D 
strain. prq>ared from infected mouse brain, and Banzi virus, H 336 strain, isolated 
from die serum of a febrile boy in South Africa, were obtained from ATCC. Vero 

30 cells were used with both of these viruses and for assay. 

Cells and Media: 

MA-104 cells (BioWhittaker, Inc., Walkersville, MD) and Vero ceUs (ATCC) were 
used in Medium 199 with 5% FBS and 0.1% NaHCOs and witiiout antibiotics. 
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Assay medium for dengue, yeUow fever, and Banzi viruses was MEM, 2% FBS, 
0.18% NaHCOa and 50 \ig gentamidn/mL. 

Antiviral testing of the compounds of the present invention was perfomied according 
5 to the Sidwell and Huffiman reference and similar to the above ihinovirus antiviral 
testing. Adequate cytopathic effect (CPE) readings were achieved after 5-6 days for 
each of these viruses. 

c. Determination of fa Vitro An tiviral Activity of Comp ni mds Against West Nil^ 
10 Virus (CPE Inhibition Assay) 

Assay details are provided in the Sidwell and Huffman reference cited above. West 
Nile virus. New Yoric isolate derived from crow brain, was obtained ftom die Center 
for Disease Contiol. Vox) cells were grown and used as described above. Test 
medium was MEM, 1% FBS, 0.1% NaHC03 and 50 jig gentamicin/inL. 

15 

Antiviral testing of the com^unds of the present invention was performed following 
the methods of Sidwefl and ftuffooan v^ich are similar to fliose used to assay for 
rhinovirus activity. Adequate cytopathic effect (CPE) readings were achieved after 
5-6 days. 

20 

d. Deteimination of fa Vitro Anti viral Activity of Compounds Against rhino, y ejlnw 
fever, dengue. Banzi. and West Nile Viruses rNeutral Red Uptake Assav^ 

Afto- performing the CPE inhibition assays above, an additional 
cytopathic detection method was used which is described in "Microtiter Assay for 
25 Interferon: Microspectrophotometric Quantitation of Cytopathic Effect." Appl. 
Environ. Microbiol. 31: 35-38 (1976). A Model EL309 microplate reader (Bio-Tek 
Instruments fac.) was used to read flje assay plate. ED50's and CD50's wrae 
calculated as above. 

30 EXAMPLE O P A PHARMACEUTICAL FDRMULATTON 

As a specific embodiment of an oral composition of a compound of the 
present invention, 50 mg of Example 61 or Example 62 is formulated with sufBcient 
finely divided lactose to provide a total amount of 580 to 590 mg to fiU a size O hard 
gelatin capsule. 

35 
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While the invention has horn described and illustrated in leference to 
specific embodiments theieof, those skilled in the art will appreciate that various 
changes, modifications, and substitutions can be made therein without departing fix>m 
the spirit and scope of the invention. For example, effective dosages other than the 
5 preferred doses as set forth heeinabove may be applicable as a consequence of 
variations in the responsiveness of the human being treated for severity of the HCV 
infection. Likewise, the phannacologic response observed may vary according to and 
depending upon the particular active compound selected or whether there are present 
pharmaceutical carriers, as well as the type of formulation and mode of administration 
10 employed, and such expected variations or differences in the results are contemplated 
in accordance with the objects and practices of the present invention. It is intended 
therefore that the invention be limited only by the scope of the claims which follow 
and that such claims be interpreted as broadly as is reasonable. 
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WHAT IS CLAIMED IS: 

1. A method of inhibiting RNA-dependent RNA viial polymerase 
or inhibiting RNA-dq>endent RNA viral replication comprising administering to a 
mammal in need of such treatment a ther^tically eflfective amount of a compound 
of structural formula I which is of the stereochenaical configuration: 




or a pharmaceuticaUy acceptable salt thereof 
10 wherein Bis selected from the group consisting of 




A, G, and L are each independently CH or N; 

D is N, CH, C-CN, C-N02, C-C1.3 alkyl, C-NHCONH2. C-CO^fRllRll, 
C^SNRllRll, C-CXX)Rll. C-C(=NH)NH2, C-hydroxy, C-C1.3 alkoxy. C-amino. 
15 C-Cm alkylamino, C-di(CM alkyl)amino, C-halogen. C-(13-oxazol-2-yl), C-(l^- 
thiazol-2-yl), or C-(imidazol-2-yl); wherein alkyl is unsubstituted or substituted with 
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one to three groups independently selected ficom halogen, amino, hydroxy, carboxy, 
and Ci-3 alkoxy; 

E is N or CR5; 

WisOorS; 

5 Y is H, Cmo alkylcarbonyl, P3O9H4, P2O6H3, or P(O)R9r10; 
. Rl is hydrogen, C2-4 alkenyl. C2-4 alkynyl, or Ci^ alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or C1-4 
alkoxy and the other of r2 and R3 is selected from the group consisting of 
hydrogen, 
10 hydroxy, 
halogen, 

C M optionally substituted with 1 to 3 fluorine atoms, 

Ci-io alkoxy, optionally substituted with C1.3 alkoxy or 1 to 3 fluorine 

atoms, 

15 C2.6 aikeiiyloxy, 

Ci-4 alkylthio, i 
Ci-8 alkylcarbonyloxy, 
aryloxycarbonyl, 
azido, 

20 amino, 

Ci-4 allgrlamino, and 
di(Ci-4 alkyl)amino; or • 
R2 is hydrogen, C2-4 alkenyl, C2A alkynyl, or alkyl optionaUy substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and r3 is hydroxy or Ci^ 
25 alkoxy and the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
hydroxy, 
halogen, 

Ci-4 alkyl, optionally substituted with 1 to 3 fluorine atoms, 
30 Ci-io alkoxy, optionally substituted with hydroxy, C1.3 alkoxy, carboxy, or 1 

to 3 fluorine atoms, 

C2-6 alkenyloxy. 

Cm alkylthio, 

Ci-g allgrlcarbonyloxy, 
33 aryloxycarbonyl, 
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azido, 
amino. 

Cm allQ'lanuno, and 
di(CM alkyOamino; or 



5 Rl and R2 together with the carbon atom to which they are attached fonn a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NQm allqrl; 

R4 and R6 are each independently H, OH, SH, NH2, allcylammo, di(Cl-4 
alkyl)amino, C3-6 cycloalkylamino, halogen, Ci^ alkyl, Ci^ alkoxy, or CF3; 
10. r5 is H. C1.6 alkyl, C2-6 alkenyl. C2-6 alkynyl, Ci^ alkylamino. CF3. or halogen; 
Rl4 is H, CF3, Ci^ alkyl, amino, alkylamino, €3^ cycloalkylamino, or 
di(Ci^ allqrl)amino; 

R7 is hydrogen, amino, C1-4 alkylamino, C3^ cycloaUqrlamino, or 
di(Ci^ alkyl)amino; 
IS each Rll is indepraidently H or Ci^ alkyl; 

R8 is H. halogen, CN, carboxy. Cm alkyloxycarbonyl, N3, amino. Cm alkylamino, 
di(CM alkyDamino, hydroxV, Gi^ alkoxy. Cm allqrithio, Cm aDcylsulfonyl, or 
(Cm alkyl)0-2 aminomethyl; 

Rl2 and Rl3 are each independently hydrogen, methyl, hydroxymethyl, or 

20 fluoromethyl; and 

R9 and RlO are each independenfly hydroxy, OCH2CH2SC(=0)Cm alkyl, 
0CH20(C=0)0Cm alkyl, NHCHMeCOaMe, OCH(Cm alkyl)0(C=0)CM alkyl. 



with the provisos that (a) when Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 
25 is fluoro, then the other of R3 and r4 is not hydrogen, halogen, azido, trifluoromethyl, 
Cm alkyl, amino. Cm alkylamino, di(CM alkyl)amino, or Ci-iQ alkoxy, (b) when 
Rl is hydrogen, one of R3 and R4 is hydrogen, and R2.is halogen, hydroxy, Cm 
alkoxy, or C2-6 alkenyloxy, then the other of r3 and R4 is not hydrogen, fluoro, or 
azido; and (c) when Rl and R3 are hydrogen and R2 is hydroxy, then R4 is not 
30 hydroxy. 



/""0'"'^Y^S(CH2)iiCH3 ^ 
0(CH2)9GH3 O** 



•O^^Y^S(CH2)i7CH3 
OCO(CH2)i4CH3 
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2. A method of treating RNA-dependent RNA viral infection in a 
mammal in need thereof comprising administering a therapeutically effective amount 
of a compound of Claim 1. 

3. The method of Claim 1 wherein the compound is of 
stmctural formula n of the indicated stereochemical configuration: 

k h 
(II) 

wh^einBis 



10 

D isN, CH, C-CN. C-N02. C-C1-3 alkyl, C-NHCONH2, C-CONRHrH. 
C-CSNRllRll, C-COORll, C-hydroxy, C-C1.3 alkoxy. C-amino. C-Ci^ 
alkylamino, C-di(Ci-4 alkyl)amino. C-halogen, C-(l,3-oxa2ol-2-yi), C-(13-thiazoI-2- 
yl), or C-(iimdazoI-2-yl); wherein alkyl is unsubstituted or substituted with one to 
15 three groups ind^ndently selected from halograi, amino, hydroxy, caiboxy, and 
C1.3 alkoxy; 

EisNorC-R5; 
WisOorS; 

Y is H, Cuo alk^caibonyl, P3O9H4, or P(O)R9r10; 
20 Rl is hydrogen, CF3, or Cm alkyl and one of R2 and R3 is OH or Ci^ alkoxy and 
the other of R2 and r3 is selected from the group consisting of 

hydrogen, 

hydroxy, 
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halogen, 
Cl-3 alkyl, 

trifluoromethyl, 
Ci^ alkoxy, 
5 Ci^ alkylthio, 

Ci_8 alkylcarbonyloxy, 

aryloxycarbonyl, 

azido, 

amino, 

10 Ci-4 allcylamino, and 

di(Ci-4 alkyl)amino; or 
R2 is hydrogen. CF3, or Cm alkyl and one of Rl and R3 is OH or alkoxy and 
the other of Rl and R3 is selected firom the group consisting of 
hydrogen, 
15 hydroxy, 

fluoro, ' 
Cm alkyl. < 

trifluoromethyl, 
Ci-4 alkoxy, 
20 Cm alkylthio, 

Ci-8 alkylcarbonyloxy, 

azido, 

amino. 

Cm all^lamino, and 
25 di(CM alkyl)amino; or 

Rl and R2 together with the caibon atom to which they are attached forai a 3- to 6- 
membered saturated monocyclic ring system optionaDy containing a heteroatom 
selected from O, S, and NCq^ alkyl; 

R4 and R6 are each independently H, OH, SH, NH2, Cm alkylamino, di(CM 
30 alkyl)amino, C3-6 cycloalkylamino, halogen. Cm alkyl, Cm alkoxy, or CF3; 

R5 is H, Ci^ alkyl, C2-6 alkenyl, C2-6 alkynyl, Cm alkylamino, CF3, or halogen; 
R7 is hydrogen, amino. Cm alkylamino, C3.6 cycloalkylamino, of 
di(CM allcyl)amino; 

each Rll is independently H or C 1-6 alkyl; 
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R8 is H, halogen, CN, carboxy, C1-4 alkyloxycaibonyl, N3, amino, Cm alkylamino, 
di(CM alkylamino. hydroxy, C1.6 alkoxy, Ci^ alkylthio, Ci-6 alkylsulfonyl, or 
(Ci-4 alkyl)o-2 aminomethyl; 

R12 and Rl3 are each independently hydrogen or methyl; and 
5 R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)Cm alkyl. or 
OCH20(C=0)Ci-4 alkyl; 

with the provisos that (a) when Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 
is fluoro, then the other of R3 and R4 is not hydrogen, halogen, trifluoromethyl, C1-4 
alkyl, amino, Ci^ alkylamino, di(Ci-4 alkyl)amino, or Ci^ alkoxy; (b) when Rl is 
10 hydrogen, one of R3 and R4 is hydrogen, and R2 is halogen, hydroxy, or Ci^ alkoxy, 
then the other of R3 and R4 is not hydrogen, fluoro, or azido; and (c) when Rl and R3 
are hydrogen and R2 is hydroxy, then R4 is not hydroxy. 

4. The method of Qaim 2 wh^in the compound is of the 
. IS stnictuial formula n of the indicated stereochemical configuration: 



wherein B is 




20 D is N, CH, C-CN, C-NO2, C-C1-3 alkyl, C-NHCONH2, C-CONRHrH, 
C-CSNRllRll, C-COORll, G-hydroxy, C-C1.3 alkoxy. C-amino, C-Ci^ 
alkylamino, C-di(Ci-4 alkyl)amino, C-halogen, C-(l,3-oxa2ol-2-yl), C-(l,3-thiazol-2- 
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yl), or C-(iinidazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 
three groups independently selected from halogen, amino, hydroxy, carboxy, and 
Ci-3 alkoxy; 

EisNorC-R5; 
5 WisOorS; 

Y is H, Cmo alkylcarbonyl, P3O9H4, or P(O)R9r10; 

Rl is hydrogen, CF3, or Ci^ alkyl and one of R2 and R3 is OH or Cm alkoxy and 
the other of R2 and R3 is selected from the group consistmg of 

hydrogen, 
10 hydroxy, 

halogen, 

C1.3 alkyl, 

trifluoromethyl, 
Ci-4 alkoxy, 
15 Ci-4 alkylthio, 

Ci-g alkylcarbonyloxy, 

aryloxycarbonyl, 

azido, 

amino, 

20 Ci-4 alkylamino, and 

di(Ci-4 alkyl)amino; or 
R2 is hydrogen, CF3, or Cm alkyl and one of Rl and R3 is OH or Cm alkoxy and 
the other of Rl and r3 is selected from the group consisting of 
hydrogen, 
25 hydroxy, 
flupro, 
Ci-4 alkyl, 

trifluoromethyl, 
Cm alkoxy, 
30 Cm alkylthio, 

Ci-g alkylcarbonyloxy, 

azido, 

amino, 

Ci^ alkylamino, and 
35 di(CM alkyl)amino; or 

-201- 



wo 02/057425 



PCTAJS02/01531 



Ri and R2 together with the caifoon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionaUy containing a heteroatom 
selected from O, S, and NCo-4 alkyl; 

R4 and R6 are each independently OH, SH, NH2, C1-4 alkylamino, di(Ci^ 
5 alkyl)amino, C3.6 cycloalkylamino, halogen, Ci^ alkyl, C1-4 alkoxy, or CF3; 
r5 is H, C1.6 alkyl, C2^ alkenyl, C2-6 alkynyl, C1-4 alkylamino, CF3, or halogen; 
R7 is hydrogen, amino, Ci^ alkylamino, C3-6 cycloalkylamino, or 
di(Cl-4 aikyl)amino; 

each Rll is independently H or C 1^ alkyl; 
10 R8 is H, halogen, CN, cari)Oxy, C1-4 alkyloxycarbonyl, N3, amino, C1-4 alkylamino, 
di(CM alkyl)amino, hydroxy, Ci^ alkoxy, Ci-6 alkylthib, Ci-6 alkylsulfonyl, or 
(Ci^ a]kylX).2 aminomethyl; 

r12 and R13 are each independently hydrogen or methyl; and 
R9andRlO are each independently hydroxy, OCH2CH2SC(=0)Ci^ alkyl, or 
15 0CH20(C=0)Ci^ alkyl; ^ 

with the provisos that (a) when Rl is hydrogen, one of R3 and R4 is hydrogen, and R2 
is fluoro, then the other of R!3 and R4 is not hydrogen, halogen, trifluoromethyl, Ci^ 
alkyl, amino. Cm alkylamino, di(Ci-4 alkyl)amino, or C1-4 alkoxy; (b) when Rl is 
hydrogen, one of R3 and R4 is hydrogen, and R2 is halogen, hydroxy, or Ci^ alkoxy, 
20 then the other of R3 and R4 is not hydrogen, fluoro, or azido; and (c) when Rl and R3 
are hydrogen and R2 is hydroxy, then R4 is not hydroxy. 

5. The method of Claim 3 wherein the compound is of the 
stmctural formula HI of die indicated stereochemical configuration: 

25 




wherein B is 
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D is N, CH, C-CN, C-NO2, C-Ci-3 alkyl, C-NHCONH2, C-CONRHrH, 
C-CSNRllRll, C-COORll, C-hydroxy. C-C1-3 alkoxy! C-amino, C^i^ 
alkylamino, C-di(Ci^ alkyl)ainino, C-halogen, C-(l,3-oxazol-2-yl), C-(l,3.thiazol-2- 
5 yl), or C-(iinidazol-2-yl); wherein alkyl is unsubstituted or substituted widi one to 
three groups independently selected from halogen, amino, hydroxy, carboxy, and 
Ci-3 alkoxy; 

WisOorS; 

Y is H, Ci-10 alkylcarbonyl, P3O9H4, P2O6H3. or P(O)R9r10; 
10 Rl is hydrogen, CF3, or Cm alkyl and one of R2 and R3 is OH or Cm alkoxy and 
the other of R2 and R3 is selected from the group consisting of 

hydrogen, 

hydroxy, 

fluoro, 
15 Ci-3 alkyl. 

trifluoromethyl, 

Ci-8 alkylcarbonyloxy, 

C1I3 alkoxy, and 

amino; or. 

20 R2 is hydrogen, CF3, or Cm alkyl and one of Rl and R3 is OH or Cm alkoxy and 
the other of Rl and R3 is selected from the group consistmg of 

hydrogen, 

hydroxy, 

fluoro, 
25 Ci-3 alkyl, 

trifluoromethyl, 
Ci-g alkylcarbonyloxy, 
Ci-3 alkoxy, and 

amino; or 
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Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCo-4 alkyl; 

r6 is H, OH, SH, NH2, Ci^ alkylamino, di(Ci-4 aIkyl)amino, 
5 C3.6 cycloalkylamino, halogen, Cm alkyl. Cm alkoxy, or CF3; 

R5 is H, Ci^ alkyl. C2-6 alkenyl, C2-6 alkynyl, Ci^ alkylamino, CF3, or halogen; 
R7 is hydrogen, amino. Cm all^lamino, C3-6 cycloalkylammo, or 
di(CM alkyl)amino; 

each Rl 1 is ind^ndendy H or C 1^ alkyl; 
10 R8 is H. halogen, CN, carboxy. Cm alkyloxycarbonyl, N3, amino. Cm alkylamino, 
di(CM alkyl)amino, hydroxy, Ci-6 alkoxy, Ci^ alkylthio, Ci^ alkylsulfonyl, or 
(Ci-4 alkyl)o.2 aminomethyl; and. 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)t-butyl, or 
0CH20(C=0)iPr. 

15 with the provisos that (a) when Rl is hydrogen and R2 is fluoro, then R3 is not 

hydrogen, trifluoromethyl, fluoro, C1.3 alkyl, amino, or C1-3 alkoxy; (b) when Rl is 
hydrogen and R2 is fluoro, hydroxy, or C1-3 alkoxy, then R3 is not hydrogen or 
fluoro; and (c) when Rl is hydrogen and R2 is hydroxy, then R3 is not p-hydroxy. 

20 6. The method of Claim 4 wherein the compound is of the 

structural formula m of the indicated stereochemical configuration: 




(111) 



25 whetdn B is 
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D is N, CH, C-CN, C-NO2. C<:i.3 alkyl, C-NHCONH2, C-CONRHrH, 
C-CSNRllRll, C-COORll, C-hydroxy, C-Ci-S alkoxy! C^amino, C-Cm 
alkylamino. C-di(CM alkyl)amino. C-halogen, C-(l,3-oxa2ol.2^yl), CKl,3-thiazol-2- 
5 yl), or C-(imida20l-2-yl); wherein allcyl is unsubstituted or substituted with one to 
three groups independently selected horn halogen, amino, hydroxy, carboxy, and 
Ci-3 alkoxy, 

WisOorS; 

Y is H, Ci-io alkylcaibonyl, P3O9H4. P2O6H3, or P(O)R9r10; 
10 Rl is hydrogen, CF3, or alkyl and one of R2 and R3 is OH or C w alkoxy and 
the otiier of R2 and R3 is selected ftom the group consisting of 

hydrogen, 

hydroxy, 

fluoro, 
15 Ci-3 alkyl, 

trifluoromethyl, 

Ci-g allqflcarbonyloxy, 

Ci-3 alkoxy, and 

amino; or 

20 r2 is hydrogen, CF3. or Ci^ alkyl and one of Rl and R3 is OH or Cm alkoxy and 
the other of Rl and R3 is selected fh>m the git)up consisting of 

hydrogen, 

hydroxy, 

fluoro, 
25 C1.3 alkyl, 

trifluoromethyl, 
Ci-8 alkylcarbonyloxy, 
C1.3 alkoxy, and 
amino; or 
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Rl and R2 together with the caibon atom to which they are attached form a 3* to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCo-4 alkyl; 

R6 is H, OH, SH, NH2, Ci^ alkylamino, di(CM alkyl)amino, 
5 C3-6 cycloalkylamino, halogen, C1-4 alkyl, C1-4 alkoxy, or CF3; 

r5 is H, C1.6 alkyl, C2-6 alkenyl, C2^ alkynyl, Ci-4 alkylamino, CF3, or halogen; 
R7 is hydrogen, amino, Ci^ alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyl)amino; 

each Rl 1 is independently H or C 1^ alkyl; 
10 R8 is H, halogen, CN, caiboxy, Ci^ alkyloxycaibonyl, N3, ammo, C1-4 alkylamino, 
di(CM alkyl)amino, hydroxy, Ci^ alkoxy, Ci-6 alkylfhio, Ci^ alkylsulfonyl, or 
(Ci-4 aIkyl)0-2 aminomethyl; and 

R9 and RlO are each independently hydroxy, OCH2CH2SC(=0)t-butyl, or 
0CH20(C=0)iPr, 

15 with the provisos that (a) when Rl is hydrogen and R2 is fluoro, then R3 is not 

hydrogen, trifluoromethyl, fluoro, C1-3 alkyl, amino, or C1.3 alkoxy; (b) when Rl is 
hydrogen and R2 is fluoro, hydroxy, or C1-3 alkoxy, then R3 is not hydrogen or 
fluoro; and (c) when Rl is hydrogen and R2 is hydroxy, then R3 is not P-hydroxy. 

20 7. The method of Claim S wherein B is 




The method of Claim 6 wherein B is 




9. 



The method of Claim S wherein B is 
-206- 



wo 02/057425 



PCTAJS02/01S31 




10. The method of Claim 6 wherein B is 




11. The method of Claim 6 wherein the compound is selected fiom 
the group consisting of: \ 
2'-0-methyI-cytiduie, 
2*-C-methyl-cytidine, 

3',5'-di-0-octanoyI-2'-0.methyl-cytidine. 

3'-0-octanoyl-2'-0-methyl-cytidine, 

2*-C-methyl-adenosine, 

2'-C-niethyl-8-ainino-adenosine, 

4-anuno-5-cyano-7-(2.C-methyl-P-.D-iibofiiranosyl)-7/f-pyTO^ 
d]pyrimidine, 

4-amino-5-(aminocarbonyl)-7-(2-C-methyl.p-D-ribofuranos 
pyiTolo[2,3-d]pyrinudine, 

3'-deoxy.3*-methyl-cytidine, 

4-anMno.7-(3-deoxy-3-methyl-p.D-ribofuranosyl)-7H-pyrro^ 
d]pyrimidin-5-carboxamide, 

4-amino-7-(3Kleoxy-3-D-ribofuranosyl>7H-pyiiolo[2,3^^ 

4-amino.7.(3-deoxy-P-D.ribofuranosyl)-7H-pym)lo[23^^ 
carboxamide, 

3'-amino-3'-deoxyadenosine, 
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2-aiiuno-3,4-dihydro-4K)xo-7-<P-D-ribofuranosyl>7H-pyTO 
<qpyriinidin-5-caiboxanude, 

4- amino-7-(P-I>-ribofuranosyl)-7/f-pyrrolo[23-<flpyriniidln-5<arboxa^ 
2-amino-3,4-<Uhydro-4-oxo-7<P-D-ribofuranosyl>7H-pyrroloI2,3- 

5 flpyriniidin-S-carbonitrile, 

2-aimno-5-ethyl-7-(P-D-ribofuranosylH/^-pytrolo[23-<i]pyr^ 
one, 

6- ainino-l-<P-I>-riboftiranosyl>lH-imida2o[4,5-c]pyridm-4(5^^ 

2-amino-7-<3Hleoxy-P-D-ribofuranosyl)-7H-pynolo[23-n4pyri^ 
10 one, 

2'-0-methylguanosine, 

2-ainino-7K2-0-methyI-P-p-ribofuranosyl)-7ff-pym)lo[2,3-d]p^ 
4(3/0-one, 

2-aimno-7-(2-0-me%l-P-D-ribofuranosyl)-5/r-pyrrolo[3,2-^pyrimid^ 
15 4(3fl>one, 

'i 

7- (2-0-me%l-P-D-iibofuranosyl)-7H-pyiTO 

2-aixuno-5-methyl-74P-D-ribofuranosylH^^py^ 
one, 

2-aimn<>3,4KUhydK)-4-oxo-7-(2-0-methyl-p-D-rito 
20 [23-4lpyriinidin-S-caibonitrile, 

2-amino-5-methyl-7K2-0-methyl-P-D-ribofiu^ 
d]pyiiimdin-4(3jH)-one, 

8- azidoguanosine, 

5- aminoguanosine, 
25 8-bromoadenosine, 

8-aminoadenosine, 
8>bromoguanosine, 

4- anuno-7-(3-deoxy-3-fluon>P-D-ribofuranosylHH-pyiioto 

5- carboxamide, 

30 2-ainino-4-cMoio-7-(2-0-methyl-P-I>-ribofi^ 
d]pyriinidin-S-caibonitrile, 
2-ainino-4<Moro-5-ethyl-7-(2-0-methyl-P-D-rib^ 
d]pyrimidine, 
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2-amno-4<hloro-5-iiiethyI.7-(2-(9-methyl.^D-ribofuranosylHH-p 
[2,3-<i]pyriimdine, 

2-amino-7-(2-0-methyl-p-D-ribofiiianosyl>7/f-pynolo[23-d]pyru^ 
4(3fl)-thione, 

5 2-anuno-4<hl(m>-7-(2-0-methyl-p-D-ribofuranosyI>7£f-pyn^^ 
<2]pydinidine, 

2-aimno-7-(P-D-ribofaranosylHH-pyiTolo[23-<|pyriinid^^ 

2-amino-4-chlon)-7-(3-I>-ribofuranosyl>7ff-pyriolo[2,^ 

2-aiiuno-4<Woro-5-methyl-7-(P-I>.ribofuranosylHfl-pym>lo[23- 
10 d]pyrimidine, 

1- (P-D-ribofuranosyI>li7-pymolo[3,4-d]pyriinidin-4(3/0-one, 
4-amino-l-(p-D-ribofuranosyl)-lff-pyra2olo[3,4-d]pyriinidine, 

2- amino-6-cMoro-9-(P-D-ribofuranosyl)-9fl-purine, 

2-aniino-4-cWoro-7-(p-D-ribofuianosyl)-7ff-pynoIo[23-<qpyriim 
IS cazbonitrile, ^ 

6-methyl-9-(P-D-ribdfuranbsy])-9&-purine, 

2-animo-7-<2Kteoxy-i2-fluoio-P-I>arabmofuranosyl)-7^r-p^ 
d]pyriimdin-4(3£0-ODe, 

2-amino-4-chloro-7-<2-Kieoxy-2-fluon)-P-I>-arabinofuranosy^^^ 
20 <i]pyrimidine, 

2-ainino-7-(P-D-arabinofiiranosyI)-7H-pyrrolo[2,3-fqpyrimidin-^^ 

2-anuno-7-(P-D-arabinofuranosyl)-3,4Kiihydio-4-oxo-7fl-pynolo[2^ 
<flpyriinidin-5-carbonitrile, 

2-amino-5-me%l-7.<P-D-arabinoftu:anosyl>7/y-pym)lo[23-4pyriim 
25 4(3fl)-one, 

9<P-D-arabmofuranosyI>9/f-purin-6(lfl)-one, 

1- (P-D-arabinofuianosyl)-li7-cytosme, 

2- amino-4-chloro-5-methyl-7-(p.D-arabinofuranosyl)-7/r^^ 
<i]pyriinidine, 

30 3'-<leoxy-3'-<fluoromethyl)-guanosine, 
2'-ainino-2'-deoxycytidine, 

4-amino-7-(3Hieoxy-p-D-ribofuranosyl>7ir-pym>lo[23-d]pyrimi^ 
carbonitrile, 

2'-<?-methyladenosme, 
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4-anun()-7-(2-0.methyl-p-D-ribofiimosylH 
3 '-amino-3 *-deoxy-2'-0-methyl-adenosine, 
3'-deoxy-3'-methyl-uridine, 

6-amin(>-lK3-deoxy-p-D-riboftiranosyl)-lH-imidazo[4,5-c^ 
5 6-ainino-l-(3-deoxy-3-fluoro-p-D-ribofuranosyl)-l£f-i^ 
4(3/0-one. 

2-aiiiino-7-(2-deoxy-P-D-ribofuranosyl).3,4-dihydro 

4- pyrimidin-S-caifoomtrile, 

3'-^eoxy-2'-0-(2-methoxyethyl)-3'-niethyl-5-methyluri 
10 2'-ainino-2'-deoxy-uridine, 

2-amino-9Kp-I>-arabinofiiiOTOsyl)-9H^^ 

3*-deoxy-3*-methylguanosine, 

2'-0-[4-(iiiiidazolyl-l)biityl]guanosine, 

2*-deoxy-2'-fluoroguanosine, 
15 2'-deoxyguanosine, , 

2-amino-7-(2Kieoxy-2«fludn>-P-D-ribofu^ 

4(3jH)-pne, 

2-aimno-7K3-deoxy-P-D-ribofuranosyl).3,4^hydr^^ 
d]pyrimidin-5-carbonitrile, 

20 2-anuno-5-iodo-7-(P-D-ribofuranosyl).7/^pyn'olo[23 
one, 

2-ainino-7-(3-deoxy-3-methyl-P-I>.ribofumosy^^^ 
dJpyrimidin-S-carbonitrile, 

2-aimno-7-(P-D-ribofuranosyl)-7i^pyirolo[23-^pyri^ 
25 2-amin()-7-(2-deoxy-P-D-ribofurmiosyl)-7Jy-pym 
one, 

2-aniino-7<3Kleoxy-3-methyl-P-D-ribofuranosyO^^ 
d]pyrknidin-4(3fl)-one, 

2-aniino-7-(3Kleoxy-3-fluoro-P-D-ribofumosyl>7H-pyr^ 
30 4(3fl)-one. 

6-amina-l-(2-0-me%l-p.D-ribofuranosyl)4i^im 
one, 

6-amino-l-(2.deoxy-P-D-ribofuiMOsyl)4H-im 
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6-ainino-l<3-deoxy-3-methyl-p-D-ribofuranosyl)-lff-iimdazo[4,5H:]pyrid^^ 
4(5fl)-one. 

6-anuno-lK2-^oxy-2-fluoiD-P-D-riboftuanosyl>lff-imidazo[4,5-c]pyri 
4(5fl)-one, 

5 6-amino-l.<p-I>.arabmofuiMosyl>lH-imidazo[4^^ 

2'-0-[2-(iy;A^-dethylaininooxy)ethyl]-5-medi^uridine, 
5-ethynyl-2'-0-(2-methoxyeth3d>cytidine, 

1- (2-C-niethyI-P-D-arabinofuranosyl)uracil, 

2- ammo-2'-0-methyladenosine, 
10 2'-deoxy-2'-fluoroadenosine, 

3'-deoxy-3'-methyIadenosine, 

2-amino-7-<2Hteoxy-P-D-ribofuianosyl>7H-pyirolo[23-d]pyrimidine, 

4- aniino-7K3-deoxy-3-fluoro-P-I>-ribofiiranosyl>7H-pyin)lo[23-^^^ 

5- caiboxamide, 

15 4-anrino-7-(3^ieoxy-p.D-ribofuranosylHH-pym)lo[23.d]pyrim 
carboxamide, ' 

4-aniino-7K2-0-metliyl-P-D-ribofuranosylHi?-pym>lo[23-d]p 
4-aimnc>-7KP-D-arabinofuranosyl)-7H-pycrDlo[23Hj]pyriinid^^ 
4.aniino-lK3-deoxy-3-flu6io-P-D-ribofuranosyI)-ljy-iimdazo[4,^^^ 
20 4-amino-7-(P-D-ribofuranosyl)-7/^.pyrrolo[23-<flpyriniidine (tubercidin), 

4,6-dianuno-7-(p-D-ribofuranosyl)-7H-pyirolo[23-ii]pyrimid^^ 

2-ainino-7-(3-deoxy-3-fluoro-p.D-ribofuranosyl>7fl-pyirolo-[23- 
<i]pyrimidin-5-carboxaniide, 

4-anrino-l-(3-deoxy-P-D-ribofuranosyl>m-iimdazo[4,5-c]pyridine, 

15 4-ainino-l-(3-deoxy-3-methyl-p-D-nT)ofuranosyl>ljy-iniida2o[4,5^ 

4-aimno-l-(P-D-ribofuranosyI>lJ?-iimdazo[4,5-c]pyridine, 

4-aiinino-l-(2-C-methyl-p-D-ribofuranosyI)-liy-pyrazoloi3,4-^ 

4-amino-7-(3-deoxy-3-fluoro-P-D-ribofuranosyI)-7H-pyirolo[2,3- 
fQpyriniidine; and 

10 the corresponding 5'-triphosphates, 5'- 

[bis(isopropyIoxycarbonyloxymethyl)]monophosphates,5'-mono-(S-Ci-4 
alkanoyl-2-thioethyl)monophosphates, and 5'-bis-(S-Ci_4 alkanoyl-2- 
thioethyl)monophosphates thereof; 
or a phaimaceutically acceptable salt thereof. 
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12. The method of Claim 2 wherein the. compound is selected from 
the group consisting of: 

2'-0-methyl-cytidine, 
5 2*-C-methyl-cytidine, . 

3\5*-di-0-octanoyl-2*-0-methyl-cytidine, 
3'-0-octanoyl-2'-0-methyl-cytidine, 
2*-C-methyl-adenosine, 
2'-C-methyI-8-amino-adeno5ine, 

10 4-amino-5K;yano-7-(2-C-methyl-p-I>.ribofuranosylHJy-p>^ 
^pycimidine, 

4-amino-5-(aniinocarbonyIH-<2-C-niethyl-P-I>-ribofuim 

pyirolo[2,3-Jlpyrimidine, 

3*-deoxy-3'-methyl-cytidine, 
15 4-amino-7-(3-deoxy-;3-methyl-P-D-ribofuranosyl)-7H-pyTO 

J]pyrimidin-S-caiboxaniide, 

4-aniino-7-(3-deoxy«P-D-ribofiiranosyl>7H-pyrro 

4-anuno-7K3-deoxy-P-D-ribofuranosylHH-pyrrolo[23-d^ 

caiboxamide, 
20 3'-amino-3'-deoxyadenosine, 

2-aniino-3,4-dihydro-4-oxo-7-(P-D-ribofuranosyl^^ 

d]pyrimidin-S-caiboxamide, 

4-amino-7-(p-D-ribofuiMosyl)-7Jy-pym)lo[23-£npy^ 
2-amino-3,4-dihydio-4-oxo-7-(p-D-iilK)furanosylH 
25 <f|pyrimidin-5-carbonitrile, 

2-amino-5-«thyl-7-(P-D-ribofuranosyl)-7frpyiTO 
one, 

6-amino-l-(P-D-ribofuranosyl)-lH-iniidazo[4,5-c]pyridin-4(5jF^^ 
2-amino-7-(3-deoxy-P-D-ribofuranosyl>7jtf-pynplo[2,3-d^ 
30 one, 

2'-0-methylguanosine, 

2-amino-7-(2-C7-methyl-P-D-ribofi2ranosyl>7/^pyr^ 
4(3i0-one. 

2-amino-7-(2-0-methyl-p-D-ribofuranosyl>5H-pyiTO 
35 4(3fl)-one, 
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7- (2-0-methyl-P-D-ribofuranosyl)-7/?-pyrrolo[23Kl]pyriinidine, 

2-ainino-5-methyl-7-(P-D-ribofuranosylH^?-pynolo[2^-^py^ 
one, 

2-ainino-3,4-dihydro-4-oxo-7-(2-0.me%l-P-D-ribofuranosyI>7^ 
5 [23-d]pyriniidin-S-<:aibonitrile, 

2-aimno-5-methyl-7-(2-0-inethyl-P-D-ribofuian()syl)-7fl-pyTO^ 
d]pyriniidin-4(3^-one, 

8- azidoguanosine, 

S-aminoguanosine, 
10 8-bromoadenosine, 
8-aminoadenosine, 
8-bromoguanosine, 

4- aimno-7-(3-deoxy-3-fluoro-p-D-ribofuiOTosyl)-7i/-pyn^^ 

5- caiboxamide, 

15 2-ainmo-4-chlori>7-^2^?-meth5«-p-D-iibofuranosyI)-7fl'^^ 
d]i^raniidm-5-caibonitrile; 

2-amino-4<Woro-54thyl-7-(2-0.inethyi-P-D-ribofi^ 

djpyriinidine, 

2-ainino-4-chloio-5-methyl-7-<2^inethyl-P-I>.ribofuranosyl)-7ff^^ 
20 [23-^flpyriniidine, 

2-amino-7-(2-0-methyl-p-D-ribofuranosyl>7fr-pynDlot23^pyrimid^^^ 
4(3fl)-thione, 

2-amino-4-chloro-7K2-0-methyl-p-D-ribofiiranosyl)-7H-pynolo[2,3- 
djpyiimidine, 

25 2-amino-7-(p-D.ribofuranosyl>7£r-pyiiolo[23-d]pyriiiud^^^ 
2-ainino-4<hl<mv7-<P-D-ribofumosyl>7H-pyirolo[23 
2-ainmo-4Kjhloto-5-inethyl-7-<p-D-ribofutanosyl>7H-pyiToloP^^^ 

</]pyriniidine, 

Hp.D-ribofuranosyl)-lH-pyra2olo[3,4-d]pyrimidin-4(3I0-<me, 
30 4-amino-l-(p-D-iibofuranosyl>lH-pyiazolo[3,4-<i]pyriinidine, 
2-amino-6-chloro-9-(p-D-riboftiranosyl)-9iy-purine, 

2-amino-4-chloro-7-(p-D-ribofuranosyl)-7H-pyirolo[2,3-d]pyr^ 
caibonitrile, 

6-methyl-9-(P-D-ribofuranosyl)-9H-purine, 
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2-amin(>-7-<2-^eoxy-2-fluoro-p-D-aiabinofuranosylH 
d]pyrraiidin-4(3fl>-one, 
2-amino-4K:Uoro-7-(2-deoxy-2-fluoro-P-D-aiabmofu^ 
d]pyrimidine, 

2-ainino-7<P-D-arabinofuranosyl)-7ff"pyiTolo[23-flpyrim 

2-anunc)-7-(p-D-arabinofaranosyl)-3,4Kiihydio-4-^ 

d]pyrimidin-5-carbonitrile, 

2-amino-5-me%l-7-(P-D-arabmofuranosyl)-7H-pyTO 
4(3/0-one, 

9-(p-P-ai:abmofuranosyl)-9H-purin-6(lW)-<>ne, 

1- (p-D-aiabinofuranosyl)-lH-cytosine, 

2- aimno-4^;Won>-5-methyl-7-(P-D-arahinof^^ 
dlpyrimidine, 

3'-deoxy-3*-(fluoromethyl)-guanosine, 
2*-aimno-2'-deoxycytidine, 

4-aminc)-7K3-deoxy-^p-D-ribofiimosylH^^pynro 

carbonitrile, 

2' -0-methyladenosine, 

4-amino-7-(2-0-methyl-p-D-ribofuranosyI)-7fl-pynx)b 

3'-amino-3*-deoxy-2'-0-methyl-adenosine, 

3'-deoxy-3'-methyl-iiridine, 

6-aimno-l-(3Kieoxy-P-D-ribofuranosyl>lH-iimdazo[4,S<]p 

6-aimno-lK3-deoxy-3-fluorc)-P4>-ribofuranosyl^ 

4(3fl)-one, 

2- anuno-7-(2-deoxy-P-D-ribofuianosyl)-3,4-dihydr^^ 
d]- pyriimdin-5-carbonitiile, 

3- deoxy-2'-0-(2-methoxyethyl)-3-methyl-5-methyluridine, 
T -amiiio-2' -deoxy-uridine, 

2-amino-9-(P-D-arabinofuranosyl)-9H-ipurin-6(lfl]K)M 
3*-deoxy-3*-methylguanosine, 
2*-0-[4-(iinidazolyH)butyl]guanosine, 
2'-deoxy-2'-fluQioguanosine, 
2* -deoxyguanosine, 
2-ainmo-7-(2Kleoxy-2-fluoro-p-D-riboftaran 
4(3/0-one. 
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2-amino-7K3-deoxy-p»D.ribofuranosyl).3.4-dihyA^ 
4pyrimidin-5-carbonitiile, 

2-amino-5-iodo-7<p-D.ribofuranosyl)-7if-pyTO^ 
one, 

2.anuno-7-(3-deoxy-3-methyl.p.D-ribofuira 
d]pyriniidin-5-cari)onitrile, 

2-aimno-7-(P-D.ribofuranosyl)-7ff.pyirolo[^^^ 

2.amino-7K2-^xy.p-D.ribofiiiMosyl).7Jy-^ 
one, 

2-aniino-7-(3-deoxy-3-methyl-p-D-ribofuiMosyl)^^^ 
d]pyrimidin-4(3fl)-one, 

2-amino-7-(3-deoxy.3-fluoio-p-D.ribofuranosyl^^ 
4(3fl)-one, 

6.ainino-l.(2-0.methyl-p.D.ribofuimosyl). 
one, 

6-ainin()-l-(2-deoxy^D-ribafuranosyl).lJf-iiiudazo[4,5^]pyri 

6-anBno.l<3-deoxy^3-me%l-p.D-ribofuiraosyl)-lfrim 
4(5fl)-one, 

6-amino-l-(2Hteoxy-2-fluoro-p-I>-iibofuranosyl)-lH-iimda2o[4^^^ 

4(5/0-one, 

6-amino-l-(p-D-arabinofuranosyl)4/f-inudazo[4,5-c]pyridin-4(5fl^ 

2*-C>-[2-{A^,A^diethylaniinooxy)ethyl]-5-methyluridine, 

5-ethynyl-2*-tH2-methoxyethyl)-cytidme, 

1- (2-C-me%l-P-D-arabinofurano8yl)uracil, 

2- amino-2'-0-methyladenosine, 
2*-deoxy-2'-fluoroadenosine, 
3'-deoxy-3'-inethyladMiosine, 

2-aoun(>7-(2-deoxy-p-D-ribofuranosylW-pynolo[23^pyrimi^^^^ 

4- amino-7-(3-deoxy-3-fluoro-p-D-ribofuranosyI)-7fl^pyrrolo[2,3-d]pyri 

5- caiboxamide, 

4-amino-7-(3-deoxy-p-l>ribofunmosyl)-7fl-pynralo[2,3-d]pyriimdi^^ 
caiboxamide, 

4-amino-7-(2-0-methyl-p.D-iibofuranosylHH-pyrrolo[2.3-d]pyrimidiM 
4-ainino-7-(P-D-arabinofarahosylHfl'-pynolo[23-^ 
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4-aimno-H3-<Ieoxy-3-fluQro-p-D-ribofur^ 

4-amino-7.(P-D-ribofiiranosyl)^7H-p)aTOlo[23 (tuberddin), 
4,6-diaminch7-(P-I>ribofuranosyl)-7/f-pyTO 
2-ainino-7-(3-deoxy-3-fluoro-P-D-ribofuiMosyl)-7^-pyTO 
5 d]pyrimidin-5-carboxamide, . 

4-amino-l-(3-<le«xy-p-D-ribofuranosyl)-lff-iimd^ 
4-ainino-l<3-deoxy-3-methyl-p.D-riboftffanosyl)-l//^ 
4-amin()-l-(P-D-ribofuranosyl)-liy-imidazo[4,5-^^ 
4-amino-l-(2-C-me%I-P-D-ribofuranosyI>lH-pyr^ 
10 4-aimno-7-(3-deoxy-3-fluoro-P-D-ribofuranosyl^^ 
<2]pyrixmdine; and 

the corresponding 5'-triphosphates, 5'- 

n)is(isopropyloxycarbonyloxymethyl)]monophosphates, 5'-mon<><S-Cl-4 
alkanoyl-2-thioethyl)monophosphates, and 5'-bis-(S-Ci-4 alkanoyl-2- 
15 thioethyl)monophosphates thereof; 

or a phannaceutically acceptable salt thereof. 

.* 

13. The method of Claim 1 1 wherein the compound is selected 
from the group consisting of: 
20 2'-0-methyI-cytidine, 
2*-C-methyl-cytidine, 
3\5'-di-0-octanoyl-2*-0-methyl-cytidine, 
3*-0-octanoyl-2'-0-methyl<ytidine. 

4-amino- Hp-D-ribofuianosyl)-lH-pyrazolo[3,4-d]pyrimidine, 
25 4-aiiuno-5-cyano-7-(2-C-methyl-p-D-ribofuranosyl)^^ 
rfjpyrinoddine, 

4-amino-5-<aminocarbonylH-(2-C-methyl-P-D-ribofuranosyl)-7ff- 
pyrrolo[2,3-<|pyrimidine, 
2*-C-methyladenosine, 
30 2*-C-methyI-8-aniino-adenosine, 
3*-deoxy-3'-methyl-cytidine, 
4-anMno-7K3Kleoxy-3-methyl-p-D-ribofuranosyl)-^^ 
£f|pyrimidin-5-caiboxamide, 

4-anuno-7<3-deoxy-P-D-ribofuranosyl)-7ff-pyrrolo[2,3-d]p^ 
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4-amino-7«(3-deoxy-P-D-ribofui^osyl>7/f-pyrrolo[23-4 
carboxamide, 

3'-ammo-3'-deoxyadenosine, 

2-ainino-3,4-dihydro-4-oxo-7.(p-D-.ribofi^ 

dJpyriniidin-S-carboxanude, 

4- aniino-7-(P-D-ribofuianosylHH-pyrrolo[2,3-fl 
2-ainino-3,4-dihydix)-4H)xo-7-(P-D.ribofiiranos^^^^ 
d]pyrimidin-5-carbonitrile, 

2-amino-5-ethyl.7KP-D-ribofuranosyl)-7H.py^^ 

one, 

6- anuno-lKP-D-ribofiii^osyl)-l/f-imidazo[4,5-<]py^ 

2-anuno-7-(3-deoxy-p-D.ribofuranosyl>7frpy^ 
one, 

2'-0-metiiyIguanosine, 

2-amino-7-(2-0-methyl-P-D-ribofuianosy^ 
4(3fl)-one, ' 

2^amino-7-(2-0-methyl-P-D.ribofuranosyl).5H-p^^ 

(3jH)-one, 

7- (2-0-methyl-p-D-ribofuranosyl>7H-pyrrolo[2,3^pyrim 
2-amino.5-methyl.7-(P-D-ribofuranosy^ 

one, 

2-amino-3,4-dihydro-4-oxo.7-(2-0-me%l-p.D-ribofu^ 
[2.3-^/lpyriinidine-5-carbonitrile, 
2-aniino-5-me%1.7-(2.0-methyl.p-D-ribofur^ 
d]pyriimdin-4(3f0-one, 

8- azidoguanosine, 
8-ammoguanosine, 
S-bFomoadenosine, 

5- aminoadenosine, 
8-bromoguanosine, 

4-amino-7.(3-deoxy.3-fluon)-P-D-ribofuranosyl).7/f-pyTO 
pyrimidin-5-carboxamide, 

2-anMO-4-chloro-7K2-0-methyl-P-D-ribofurano 
d]pyriniidin-5-carbonitrile, 
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2-aniino-4-chloio-5-ethyl-7-(2-0-methyl-P-D-ribof^^ 
d\ pyrimidine, 

2-amino-4-chloro-5-methyl-7K2-0-methy^ 
[23-^flpyrimidine, 

5 2-amino-7-(P-D-ribofu^anosyl)-7/^pyrrolo[23-tflpyrim 
2-amin(>4-cUon>-7-(3-P-ribofuranosyl).7H-^ 
2-amino-4K:Woro-5-methyl-7-(p-D-ribofu^ 
4]pyrimidine, 

2-amino-7-<2-deoxy-2-fliioix>-P-D-aiabmofi^ 
10 d]pyrimidin-4(3fl)-one, 

2.aininc>-7-(p.D-arabino£uranosylHff-pym)lo[2,^^ 

4-aimno-lK2-C-methyl-p-D-ribofiamosyl^ 

and 

2-amino-7K^D-arabinofuranosyl)-3,4-dihydn^ 
15 rfJpyrimidin-S-carbonitrile; and 

the corresponding 5'^triphosphates, 5'- 

[bis(isopropyloxycariK)nyloxymethyl)]monophosphates,5*-niono-(S-^^ 
2-thioethyl)monophosphates, and 5'-bis-<S-pivaloyl-2- 
thioethyl)monophosphates thereof; 
20 or a pharmaceutically acceptable salt thereof. 

14. The method of Claim 12 wherein the compound is selected 
ftom the group consisting of: 
2'-0-methyl-cytidine, 
25 r-C-methyl-cytidine, 

3\5*-di-0-octanoyl-2*-0-methyI-cytidine, 
3'-0-octanoyl-2*-0-methyl-cytidine, 

4-anuno-l-(P-D-ribofuranosyl>l/^pyra2olo[3,4-d]pyriniidine, 

4-aniino-5H:yano-7-(2-C-methyl-p.D-ribofiiranosylHJ?-py^ 
30 ^Gpyiimidine, 

4.aniino-5-(aniinocaibonyl>7-(2-C-rnethyl-P-D-ribofi^ 

pyrrolo[2,3-4pycimidine, 

2'-C-methyIadenosine, 

2'-C-methyI-8-aimno-adenosine, 
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3'-deoxy"3'-methyI-cytidine, 

4-aimno-7-(3Kleoxy-3-methyl«p.D-ribofuianosyl)-7^ 
£/|pyriinidin-S-caii)oxainide, 

4.ainino-7-(3-deoxy.p-D-ribofiiranosyl>7ff-p^^ 

4.amino-7-(3-deoxy.p.D-ribofuranosyl).7if-pyi^^ 
caiboxamide, 

3 '-amino-3*-deoxyadenosine, 

2-aimno-3,4-dihycin>-4-oxo-7-(p.D.iilx>f^ 

iflpyriinidin-S-carboxaniide, 

4-amino.7-(p.D-ribofuranosyl).7H.pyrrolo[2,3-£gp^ 

2«amino-3,4-dihydro-4-oxo-7<p.D-ribofuranosyl^^ 

rf]pyrimidin-5-carbonitrile, 

2-aimino-5-ethyl.7-(P>D-ribofuranosyl^^^ 
one, 

6-amino-lKP-D-ribofuranosyl)-liy-i^ 

2.amino-7-(3Kleoxy^D.ribofuianosyl)-7»^^ 
one, 

2'-0-methylguanosine, 

2-amino-7-(2.0-methyl-p.D.ribofuranosyl).7H^^ 
4(3H>one, 

2-amino-7-(2-0-methyl-P-D.ribofuranosyl>5i/^^ 
(3/0-one, 

7K2-0-methyl-P-D-ribofiiranosyI).7H.pynoloP^^ 

2-aimno.5-methyl-7-(p.D-ribofuranosyl>7H-p^^ 
one, 

2.ainino-3.4Klihydn)-4-oxo.7K2-0-inethyl-p.D.ri^ 
[2,3-d]pyiiiDidine-S-K:aibonitiile, 

2-amino-5-methyl-7-(2.0«methyl-p.D-ribofii^ 

d]pyriimdin-4(3fl)-one, 

8-azidoguanosme, 

8-aminoguanosine, 

8-bromoadenosine, 

8*aminoadenosine, 

S-hromoguanosine, 
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4-animo-7-(3-dcoxy-3-fluoro-P-D-ribofuranosy 
pyrimidin-S-carboxamide, 
2-aniino-4-chlor(>-7<2-0-methyl-P-D-ribofurancw^^ 
dlpyrimidin-S-carbonitrile, 
5 2-amino-4-chloro-5-e%1.7-(2-0-methyl-P-D-ribofi^ 
d\ pyrimidine, 

2-amino-4^hloK>-5-methyl-7.(2-0-methyl-p-D-ribofi^ 
[23-4pyriinidme, 

2-aimn(>-7-(P-D-ribofuranosyl)-7H-pyiTOlo[23-^qpyr^ 
10 2-aminc>-4-cMoro-7-(P-D-ribofuimosylH^^pynol^ 
2-amino-4-chlc>ro-5-methyl-7KP-D-ribofur^ 
d]pyrimidine, 

2-amino-7K2Kleoxy-2-fluoro-p-I>arabinofuranos^^ 
£flpyriimdin-4(3fl>^nc, 
15 4-amino-l-(2-C-methyl-P-I>-ribofijranosyl>lH-pyrazolo^^ 
2-ainino-7-(p-D-arabinofufanosyl)-7fi-pyTO 
and 

2-amino-7-(P-D-arabinofuranosyl>3,4KiihydK)-^ 
dlpyiiinidiii-5-carbonitrile; and 
20 the conesponding S'-triphosphates, S*- 

t[bis(isopropyloxycaibonyloxymethyl)]monophosphates, 5'-mono-(S-pivaloyl- 
2-hioethyl)inonophosphates, and S*-bis-(S-pivaloyl-2* 
thioethyl)monophospbates thereof; 
or a phannaceuticaUy acceptable salt thereof. 

25 

15. The method of Claim 13 wherein the compound is selected 
from the group consisting of: 
2'-0-methyl-cytidine, 
2*-C-methyl-cytidine, 
30 3',5'-di-0-octanoyl-2'-0-methyl-cytidine. 
3*-0-octanoyl-2'-0.methyl-cytidine, 
4-amino-l-(p-D-ribofuranosyl)-lff-pyrazolo[3,4^£/]pyiim 
4-amino-5-cyano-7-(2-C-methyI-P-D-ribofuranosyl)-7jff^^ 
d]pyiimidine. 
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4- amino-5-(aminocarbonyl).7-(2-C-methyl-p.D-ribofuranosyl)-7J?- 
pyn:olo[2,3-^/lpyrimidine, 

2*-C-methyladenosine, 
2'-C-methyl-8-amino-adenosine, 
S S-biomoguanosine, 

5- aininoguanosine, 
S-aminoadenosine, 

4-ainino-7K3-deoxy-P-D-ribofuranosyl)-7H-py^^ 

2.amino-4^Woro.5-ethyl.7-(2.0-me%I.p.D.rite^ [2,3- 
10 d] pymrddine, 

2-ainino-3,4-dihydro-4-oxo-7Kp-D.ribofuran 
d]pyrimidin-5-<;arboxainide, 
4-ainino-l-(2.C-methyl-p-D.ribofiu^osyl>li/>p^ 
2-aimno-4-cMoio-7-<2-0^methyl.p.D-ribofur^ 
15 d]pyrimidin-S-caibaiiitrile; 

and the corresponding 5'-tiiJ>hosphates thereof; 

2^O-methylcytidine-5*-[bis-(S.pivaIoyl-2.thioethy0 
2-amino-7K3Hieoxy-P-D-ribofuranosyl)-3,4-dihyd 
flpyrinudine-5'-Ebis-(S-pivaloyl-2-thioethyl)pto^ 
3'-deoxyguanosine-5'-[bis-(5-pivaloyl.2-thioethyl)phosphate],and 
3'-deoxycytidine-5*-[bis-(5-pivaIoyl-2-thioethyl)phosphate]; 
or a pharmaceutically acceptable salt thereof. 

16. The method of Claim 14 wherein the compound is selected 
from the group consisting of: 
2'-0-methyl-cytidine, 
2*-C-methyl-cytidine, 
3\5'-di-0-octanoyl-2'-0-methyl-cytidine, 
3'-0-octanoyr-2'«0-methyl-cytidine, 

4-amino-l-(p-D-iibofuranosyl>l/f-pyrazolo[3,4-£qpyrimidine^ 
4-amino-5-cyano-7.(2-C-methyl-p.D-ribofuranosyl)-7H-py^^^ 
^/Jpyrimidine, 

4-amino-5-(aminocarbonylH-^(2-C-methyl.p-D-ribofura^ 
pyrrolo[2,3-tQpyrimidine, 
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2*-C-inethyladenosine, 
2*-C-methyl-8-ainino-adenosine, 
8-bromoguanosine, 
8-aminoguanosine, 
5 8-aminoadenosine, 

4-amino-7-(3-deoxy-P-D-ribofuranosyI)-7/^-pyrToto 

2.amino-4-cWoro-5-ethyl-7-(2-0-methyl-P-D-rihof^ 
d\ pyrimidine, 

4-amino-l-(2-C-me*hyl-P-D-ribofiiranosyl)-l^^^ 
10 2-aniino-3,4-dihyd«>-4-oxo-7-(P-D-ribof^ 

d]pyriinidin-S-caiboxa2Zude, 

2-ammo-4-cMorch7-(2-0-me%l-p-D-ribof^ 

d]pyriimdin-5-carbomtriIe; 
and the corresponding 5'-triphosphates thereof; 
15 2*-0-niethylcytidine-5'-|^)is-(5-pivaloyl-2-thioethyl)phosphate]^ 

2-amino-7-(3-deoxy-3-D-ribofiirahosyl)-3,4-dihydro-4^ 

rf]pyriniidine-5'-[bis-(5-pivaloyl-2-thioethyl)phM^ 

3'-deoxygiianosine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphatel. and 

3'-deoxycytidine-5'-[bis-(iS-pivaloyl-2-thioethyl)phosphate]; 
20 or a pharmaceutically acceptable salt thereof. 

17. The method of Claim IS wherein the compound is selected 
from the group consisting of : 
2*-0-methylcytidine, 
25 , 2'-C-methylcytidine, 

3 S5 ' -di-O-octanoyl-2 * -0-methyl-cytidine, 
3'-0-octanoyl-2*-0-methyl-cytidine, 
4-aniino-l-(P-D-ribofuranosyl)-lH.pyrazoIo[3,4-rfIpyrinii^^ 
4-aniino-5-cyano-7-(2-C-methyl-P-D-ribofuranosyl)-7i/-pynx)lo[2,3- 
30 £f|pyrimidine, 

4-amino-5-(aminocarbonyl)-7K2-C-methyl-P-D-ribofiuanosyl)-7ff- 

pyrrolo[23-^pyrimidine, 

2*-C-methyladenosine, 

2'-0-methylcytidine-5'-[bis-(5-piva]oyl-2-thioethyl)phosphate], 
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2-amino-7-(3-deoxy-P-D-ribofiiranosyl)-3,4-dihydro^ 
d]pyrimidine-5'-[biS"(iS--pivaloyl-2-thioethyl)phosphate], and 
3'-deoxycytidine-5*-[bis-(5-pivaloyl-2-thioe%l)phospha 
or a pharmaoeutically acceptable salt thereof. 

5 

1 8. The method of Claim 16 wherein the compound is selected 
from the group consisting of: 

2'-0-methylcytidine, 

2'-C-methylcytidine, 

10 3*,5*-di-0-octanoyl-2'-0-methyl-cytidine, 

3*-0-octanoyl-2'-0-methyl-cytidine, 

4«amino-l-(p-D-ribofiiranosyl)-lff-pyrazoloI3,4-Jlpyrimi^^^ 

4-aniino-5-<;yano-7-(2-C-methyl-P-D-ribofuranosyl).7ff^^ 
<f]pyrimidine, 

15 4-amino-5-(aniinocarbonylH-<2.C-methyl.p-D-iibofi^ 
pynolo[23-d]pyriinidine, 
2'-C-mefhyladenosine, 

2^0-methylcytidine-5'-[bis-(5-pivaloyl-2.thioethyl)phosphate^ 
2-amino-7-(3^oxy-P-D-ribofuranosyl>3,4-dihydn>4^xo-7H-pyi^ 
20 ^pyriniidine>5'-[bis-(5-pivaloyl-2-thioethyl)phosphate], and 

3'-deoxycytidine-5'-[bis-(S'-pivaloyl-2-thioethyl)phosphate]; 
or a pharmaceutically acceptable salt thereof. 

19. The method of Claim 1 wherein said RNA-dependent RNA 
25 viral polymerase is Flmmridae viral polymerase or Picomaviridae viral polymerase 

and said RNA-dependent RNA viral repKcation is Flaviviridae viral replication or 
Picommiridae viral replication. 

20. The method of Qaim 19 wherein.said Flaviviridae viral 
30 polymerase is selected from the group consisting of hepatitis C virus polymerase, 

yellow fever virus polymerase, dengue virus polymerase, West Nile virus polymerase, 
Japanese encephalitis virus polymerase, Banzi vims polymerase, and bovine viral 
dimhea virus (B VDV) polymerase and said Flaviviridae viral replication is selected 
from the group consisting of hepatitis C virus replication, yellow fever virus 
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replication, dengue vims replication, West Nile virus replication, Japanese 
encephalitis vims replication, Banzi vims replication, and bovine viral diarrhea virus 
replication. 

5 21 . The method of Qaim 20 wherein said Flaviviridae viral 

polymerase is hepatitis C vims polymerase and said Flaviviridae viral replication is 
hepatitis C vims replication. 

22. The mediod of Claim 2 wheidn said RNA-dependent RNA 
10 viral infection is Flaviviridae viral infection or Picomaviridae viral infection. 

23. The method of Claim 22 wherein said Flavmridae viral 
infection is selected ftom the group consisting of hepatitis C vims infection, yellow 
fever virus infection, dengue virus infection, West Nile virus infection, Japanese 

15 encephalitis virus infection, Banzi virus infection, and bovine viral diarrhea virus 
infection. > 

24. The method of Claim 23 wherein said Flaviviridae viral 
infection is hepatitis C virus infection. 

20 

25. A compound of stmctural formula IV of the indicated 
stereochemical configuration: 




(IV) 



25 wheiein B is selected from the group consisting of 
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A, G, and L are each independently CH or N; 

D is N, CH, C-CN, C.NO2. C-C1.3 alkyl, C-NHCONH2, C-CONRHrH, 
C-CSNRllRll, C-COORll, C-C(=NH)NH2, Chydroxy, C-C1.3 alkoxy, C-amino, 
5 C-Ci-4 alkylaniino, C-di(Ci-4 alkyl)amino, C-halogcn, C-(l^-oxa2ol-2-yI), C-(13- 
thiazol-2-yl). or C-(iimdazol-2-yl); wherein alkyl is unsubstituted or substituted with 
one to three groups mdependently selected from halogen, amino, hydroxy, carboxy, 
and Ci»3 alkoxy; 

EisNorCRS; 
10 WisOorS; 

Xis 0,CH2,orCF2; 

Rl is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or C1-4 alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Ci^ 
alkoxy and the other of R2 and R3 is selected firom the group consisting of 
15 hydrogen, 

hydroxy, 

halogen, 

Ci^ alkyl, optionally substituted with 1 to 3 fluorine atoms, 
Ci-io alkoxy, optionally substituted witii Ci-s- alkoxy or 1 to 3 fluorine 
20 atoms, 

C2.6 alkenyloxy, 

Ci-4 alkylthio, 

Ci-8 alkylcarbonyloxy. 
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aryloxycarbonyl, 

azido, 

amino, 

Ci-4 alkylamino, and 
5 di(Ci-4 alkyl)amino; or 

R2 is hydrogen, C2A alkenyl, C2A alkynyl, or C1-4 alkyl optionaUy substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or C1-4 
alkoxy and the other of Rl and R3 is selected from the group consisting of 
hydrogen, 
10 hydroxy, 
halogen, 

Ci^ alkyl, optionally substituted with 1 to 3 fluorine atoms, 
Ci-io alkoxy, optionally substituted with hydroxy, C1.3 alkoxy, caiboxy, or 1 
to 3 fluorine atoms, 
15 C2-6 alkenyloxy, 

Ci-4 alkylthio, i 
Ci-8 alkylcarbonyloxy, 
aryloxycarbonyl, 
azido, 

20 amino, 

Ci^ alkylamino, and 
di(Ci-4 alkyl)amino; or 

Rl and R2 together with the carbon atom to which they are attached fomi a 3- to 6- 

membered saturated monocyclic ring system optionally containing a heteroatom 
25 selected from O, S, and NC0-4 alkyl; 

R4 and R6 are each independenfly H, OH, SH, NH2. C1-4 alkylamino, di(Ci-4 

alkyl)amino, C3-6 cycloalkylamino, halogen, Ci^ alkyl, Ci^ alkoxy, or CF3; 

R5 is H, Ci-6 alkyl, C2^ alkenyl, C2^ alkynyl. Cm alkylamino, CF3, or halogen; 

Rl4 is H. CF3, Ci^ allq^l, amino. Cm alkylamino, Cs^ cycloallgrlaniino, or 
30 di(CM alkyl)amino; 

R7 is hydrogen, amino, Cm alkylamino, €3^ cycloalkylamino, or 

di(CM alkyl)amino; 

each Rl 1 is independently H or Ci^ alkyl; 
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R8 is H, halogen, CN, carboxy, Ci^ alkyloxycaibonyl, N3, amino, C1-4 alkylamino, 
di(Ci^ alkyl)amino, hydroxy, Ci^ alkoxy, Ci-6 alkylthio, Ci-6 alkylsulfonyl, or 
(Ci-4 alkyl)o.2 ammomethyl; 

Rl2 and Rl3 are each independently hydrogen, methyl, hydroxymethyl, or 
5 fluoromethyl; and 

R9 and RlO are each mdependently hydroxy, OCH2CH2SC(=0)Cm alkyl» 
0CH20(C=0)0Cm alkyl, NHCHMeC02Me, OCH(Cm alkyl)0(O=0)Ci-4 alkyi, 

0(CH2)9CH3 CX:0(CH2)i4CH3 
provided that at least one of R^ and RlO is not hydroxy. 

10 

26. The compound of Claim 25 of structural formula V of the 
indicated stoieochemical configuration: 

o 

(V) 

15 wherein B is 

HI or R»-Hf 1 ? 

D is N, CH, C-CN, C-NO2, C-C1.3 alkyl. C-NHCXJNHj, C-CONRHrH, 
C-CSNRllRll, C-COORll, C-hydroxy, C-Ci-S alkoxy, C-amino, C-Ci^ 
alkylamino, C-di(Ci^ alkyl)ainino, C-halogm. C-(l,3-oxazol-2-yI), C-(l,3-thia2ol-2- 
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yl), or C-(iinida2ol-2-yl); wherein alkyl is unsubstituted or substituted with one to 
three groups independently selected from halogen, amino, hydroxy, carboxy, and 
Ci-3 alkoxy, 

W is O or S; 
5 EisNorC-R5; 

Rl is hydrogen, C2A alkenyl, C2-4 alkynyl, or Ci^ alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or C1-4 
alkoxy and the oth«: of R2 and R3 is selected from the group consisting of 

hydrogen, 
10 hydroxy, 

halogen, 

C1.3 alkyl. 

trifluoromethyl, 

Ci-4 alkoxy, 
15 Cm alkylthio, 

Ci-8 alkylcarbonyloxy, 

aryloxycarbonyl, 

azido, 

amino, 

20 Cm alkylamino, and 

di(CM aIkyl)amino; or 
R2 is hydrogen, C2-4 alkenyl, C2-4 alkynyl, or Cm alkyl optionally substituted witfi 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or Cm 
alkoxy and the other of Rl and R3 is selected from the group consisting of 
25 hydrogen, 
hydroxy, 
fluoro. 
Cm alkyl, 

trifluoromethyl, 
30 Cm alkoxy, 

CMalkyltiiio, 
Ci-g all^lcarbonyloxy, 
azido, 
amino, 

35 Cm all^lamino, and 
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di(Ci-4 alkyl)axnino; or 
Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
membered saturated monocyclic ring system optionally containing a heteroatom 
selected from O, S, and NCo-4 alkyl; 
5 R4 and R6 are each independently H. OH, SH, NH2, Ci^ alkylamino. di(CM 
alkyl)amino, C3-6 cycloalkylamino, halogen, alkyl. Cm alkoxy, or CF3; 
R5 is H, Ci-6 alkyl. C2-6 alkenyl, C2.6 alkynyl. C1-4 alkylamino, CF3, or halogen; 
R7 is hydrogen, amino. C1-4 alkylamino, C3-6 cycloalkylamino, or 
di(Ci-4 alkyOamino; 
10 each Rl 1 is independently H or Ci-6 alkyl; 

R8 is H, halogen, CN, carboxy, Ci^ alkyloxycarbonyl, N3, amino, C1-4 alkylamino. 
di(Ci-4 alkyl)amino, hydroxy, Ci-6 alkoxy. Ci-6 alkylthio, Ci^ alkylsulfonyl, or 
(Ci-4 alkyl)o.2 aminomethyl; and 

R9 and RlO are each indepradently hydroxy, OCH2CH2SC(=0)Ci^ alkyl, or 
15 OCH20(C=0)Ci-4 alkyl, pjovided that at least one of R9 and RlO is not hydroxy. 

27. Thec6nq>oimdQf CHaim 26 of structural fotniula VI: 



O 




(VI) 



20 wherein B is 




D is N, CH, C-CN, C-NO2. C-Ci-S alkyl, C-NHCONH2, C-CONRl iRl 1. 
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C-CSNRllRll, C-COORll, C-hydroxy, C-Ci-3 alkoxy, C-amino. 
alkylamino. C-di(Ci-4 alkyl)amino, C-halogen, C-(U-oxazol-2^yl), C-(13-thiazol-2- 
yl), or C-(iimdazol-2-yl); wherein alkyl is unsubstituted or substituted with one to 
three groups independently selected from halogen, amino, hydroxy, caiboxy, and 
5 Ci-3 alkoxy; 

WisOorS; 

Rl is hydrogen, C2A alkenyl, C2A alkynyl, or Ci^ alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of R2 and R3 is hydroxy or Ci^ 
alkoxy and the other of R2 and R3 is selected from the group consisting of 
10 hydrogen, 

hydroxy, 

fluoro, 

C1.3 alkyl, 

trifluoromethyl, 
15 Ci-3 alkoxy, 

Ci^ alkylcaibonyMy, and 

amino; or 

R2 is hydrogen, C2-4 alkenyl. C2A alkynyl, or Cm alkyl optionally substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms and one of Rl and R3 is hydroxy or C1-4 
20 alkoxy and the other of Rl and R3 is selected ftom the group consistmg of 

hydrogen, 

hydroxy, 

fluoro, 

C1.3 alkyl. 

25 trifluoromethyl, 
C1.3 alkoxy, 

Ci-g alkylcarfoonyloxy, and 

amino; or 

Rl and R2 together with the carbon atom to which they are attached form a 3- to 6- 
30 membered saturated monocyclic ring system optionally containing a heteroatom 
selected firom O, S, and NCo-4 alkyl; 

R6 is H, OH, SH, NH2, Cm alkylamino, di(CM alkyl)amino, 

C3-6 cycloalkylamino, halogen. Cm alkyl. Cm alkoxy, or CF3; 

R5 is H, Ci^ alkyl, C2^ alkenyl. C2^J allqaiyl. Cm alkylamino, CF3, or halogen; 
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R7 is hydrogen, amino, Ci^ alkylamino, Cs^ cycloalkylamino. or 
di(Ci^alkyl)aimno; 

each Rll is independaitly H or Ci^ allsyl; 

R8 is H. halogen. CN. caiboxy. Cm alkyloxycarbonyl. N3, amino. Cm alkylamino, 
5 di(CM alkyOamino. hydroxy, Ci^ alkoxy. Ci-6 alkylthio, C1.6 alkylsulfonyl. or 
(Cm alkylX)-2 aminomethyl; and 

R9 and RlO are each independentiy hydroxy, OCH2CH2SC(=0)t-butyI, or 
0CH20(C=0)iPr, provided that at least one of R9 and RlO is not hydroxy. 

28. The compound of Claim 27 selected fiom the group consisting 

of: 

2*-0-methylcytidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate], 
2-amino-7-<3-deoxy-p.D-ribofuranosyl>3.4-dihydro4-oxo-7H-pyirolo[23- 
41pyrimidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate], 
15 3'-deoxyguanosine-5'-[bi8-(5-pivaloyl-2-thioethyl)phosphate], 
2*-0-methylguanosine-5'-[his-(S-acetyl-2-thioethyl)phosphate], 
2'-0-methylguanosine.5*-[bis-(5-pivaIoyl-2-thioethyl)pho8phate], 
8-hromo-2'-0-methylguanofflne-5'-[bis-(5-pivaloyI-2-thioethyl)pho8phate], 
2-amino-3.4-dihydro-7K2-0-methyl-p.D-ribofuranosyl)-4-oxo-7ff-pytrolo[2^^ 
rf]pyrimidine-5'-[bis-(5-pivaloyl-2-thioethyI)phosphate], 

2-amino-5-biX)mo.7-(3Kieoxy-P-D-ribofuranosyl)-3,4Kiihydro4-oxo-7H-pyriQlo[23- 
<flpyrimidine-5'-[bis-(5-pivaloyl-2-thioethy])phosphate]. 

5-bromo-2'-0-methylcytidine-5'-[bis-(5-pivaloyl-2-thioethyl)phosphate], 
3'-deoxycytidine-5'-[bis-(5-pivaloyl-2-thioethyI)phosphate],and 
2'-0-niethylcytidine-5'-[bis(isopropyloxycaibonyIoxymethyl)]phosphate. 

29. A pharmaceutical composition comprising a compound of 
Claim 27 and a pharmaceutically acceptable carrier. 

30. The pharmaceutical compositiori of Claim 29 useful for 
inhibiting RNA^iependent RNA viral polymerase, inhibiting RNA-dependent RNA 
viral replication, and/or treating RNA-ttependent RNA viral infection. 
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31. The pharmaceutical composition of Claim 31 wherein said 
RNA-dependent RNA viral polymerase is HCV NS5B polymerase, said RNA- 
dependent RNA viral replication is HCV replication, and said RNA-dependent RNA 
viral infection is HCV infection. 

32. The pharmaceutical composition of Claim 31 in combination 
with a therapeutically effective amount of another agent active against HCV. 

33. The pharmaceutical coniqposition of Claim 32 wherem said 
10 agent active against HCV is ribavirin; levovirin; thymosin aIpha-1; an inhibitor of 

NSS.serine protease; an inhibitor .of inosine monophosphate dehydrogenase; 
interferon-a or pegylated interferon-a, alone or in combination with ribavirin or 
levovirin. 

15 34. A method of inhibiting HCV NS5B polymerase, inhibiting 

HCV replication, and/or treating HCV infection in a mammal in need tiiereof 
comprising administering a tiierapeutically effective amount of a conq)ound of Qaim 
1 in combination with a therapeutically effective amount of another agent active 
against HCV. 



20 



25 



30 



35. The method of Claim 34 wherein said agent active against 
HCV is ribavirin; levovirin; thymosin iedpha-l; an inhibitor of NS3 serine protease; an 
inhibitor of inosine monophosphate dehydrogenase; interferon-a or pegylated 
interferon-a» alone or in combination with ribavirin or levovirin. 

36. Use of a compound of any one of Qaims 1,3,5, 7, 9, 1 1, 13, 

15. 17, and 25-29 in the manufacture of a medicament for inhibition of RNA- 
dependent RNA viral polymerase or inhibition of RNA-dependent RNA viral 
replication in a mammal. 

37. Use of a compound of any one of Qaims 2, 4, 6, 8, 10, 12, 14, 

16. 18, and 25-29 in the manufacture of a medicament for. treatment of RNA- 
dependent RNA viral infection in a manmial. 
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38. Use according to Claim 36 for the manufacture of a 
medicament for inhibition of HCV polymerase or inhibition of HCV replication in a 
mammal. 

5 39. Use accoiding to Claim 37 for the manufacture of a 

medicament for treating HCV infection in a mammal 

40. Use according to Claim 39 in combination interferon-o or 
pegylated interferon-o, alone or in combination with ribavirin or ievovirin. 

10 

41. A compound selected from the group consisting of: 
3',5'-di-0-octanoyl-2*-0-methyl-cytidine, 

4-amino-7K3-deoxy-3-methyl-P-I>-iibofuranosyl>7frpyirolo[23-d]pyiim^ 
carboxamide, 

15 2-amino-5-ethyl-7-<P-^D-rii)ofuranosylHH-pyn»lo[2,3-<i]pyrin^ 

2-amino-7-<3-deoxy-p-D-ribofuranosyl)-7^r-pyirolo[2,3-d]pyiimidin-^^ 
2-amino-7-(2^?-methyI-p-Dlribofuranosyl)-7H-pyiioloI23-<0pyrimidin-^^^ 
2-amino-7K2-0-methyl-p-D-ribofuranosyl)-5H-pyrTolo[3,2-^pyrimidin-4(3/^ 
7-(2-0-methyl-p-D-ribofuranosyl)-7^f-pym)lo[2,3-d]pyiimidine, 

20 2-aniino.3,4-dihydro-4-oxo-7-(2-0-methyl-P-D-ribofuranosyl)-7H-pyirolo-[2^- 
d]pyrimidin-5-carbonitrUe, 

2-amino-5-methyl-7-(2-0-methyl-P-D-ribofuTanosyl>7H-pyrrolo[23-d]pyiimidin- 
.4(3/0-one, 

2-amino4-chloro-7K2-0-methyl-p-^D-riboftmmosyl>7^f.pyrrolo[23-d]pyri 
25 caibonitrile, 

2-amino4<hloio-5-ethyl-7-(2-0-methyl.p-D-ribofunmosylHfl^pynDlo[23- 
rflpyrimidine, 

2.amino4<Mon)-5-methyl-7-(^0-methyl-p-D-ribofuranosyl)-7ir-pyra)lo[^^^ 
d]pyrimidine, 

30 2-amino-7-(2-0-methyl-p-D-ribofiiranosyl)-7H-pyrrolo[23-d]pyrimidin-4(3fl^ 
thione, 

2-amino-4-cMoro-7-(2-0-methyl-P-D-ribofuranosyl>7H-pyrrolo[2;3-J]pyrimidine, 

2-amino-4-cMon>-5-methyl-7-(P-D-ribofuranosyl).7^?.pyrrolo[2,3-^pyrimidine, 

2-4miino-7-<2-^eoxy-2-fluoro-p-D-arabinofuianosyl)-7H-pyiTolo[2,3-d] 
35 4(3fl)-one, 
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2-amino-4-cUon>-7-<2Hieoxy-2-fluoio-p-D.ara^ 
^Qpyrimidine, 

2-amino.7-(p.D.arabinofuranosyl)-3,4-dihyd^ 
carbonitrile, 

5 9-(P-D"arabmofuranosyl)-9H-purin-6(lfl)-one, 
3'-amino-3*-deoxy-2'-0-methyl-adenosine, 
6-anuno-l-(3-deoxy-P-D-ribofuranosyl)-l/^im 
6-ainino-l-<3-deoxy-3-fluoro-P-I>.riboftiranosyl)-l^ 
one, 

10 3*-deoxy-2*-0-(2-methoxyethyl)-3-methyl-5-methyluri^^^ 
2-amino-7K3-deoxy-p.D.ribofuranosyl)-3,4Hl^ 
dlpyrimidin-S-caibonitrile, 

2-amino-7-(3-deoxy.3-methyl-p-D-ribofuranosyl>7H-^ 
carbonitrile, 

15 2-ainino-7-(3-deoxy-3-methyl-P-D.ribofuranosyl^^ 
one, > 

2-ainino-7K3-deoxy-3-fluon>-P-D-ribofuranosyl)-7ff^^ 
one, 

6-anuno-l-(2-0-methyl-P-D-ribofiiranosyl)-l^r.i^ 

20 6-amino-l-(3-deoxy-3-nie%l-P-D-ribofuranosyl)-lH-inM^ 
one, 

6-aniino-l-(2-Kleoxy-2-fluoio-P-D-ribofiirano8yl> 
one, 

1- (2-C-methyl-p-D-arabinofuranosyI)uracil, 
25 4-amino-l-(3-deoxy-3-fluoro?:P-P-ribof^ 

2- amino-7-(-3-deoxy-3-fluoro-P-D-ribofin:anosyl>7H-pyTO 
[2,3"^(lpyrimidin-5-carboxaniide, 

4-aminO"H2-C-methyl.p.D-ribo£uranosyl)-lH.py^ 
4-ammo-H3-deoxy-P-D-ribofuranosyl>lfl«imid^ and 
30 4-amino-l-(3-deoxy-3-niethyl-P-D-ribofiiranosyl>^ 
and the corresponding S'-triphosphates; 
or a phannaceutically acceptable salt thereof. 
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